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ABSTRACT 


A large suite of over a thousand leaf compressions 
collected from a single outcrop at Genesee, Alberta has 
yielded 13 species with Ceretdtphyllum and Metasequota as a 
major association (nearly 80% of the collection). Utilization 
of qualitative and quantitative methods and comparisons of 
the range of variation between the fossils and their extant 
correlatives led to the delineation of three species of 
Cerctdtphyllum. These are C. genesevitanum sp. nov., C. 
flexuosum (Hollick) n. comb., and C. cuneatum (Newberry) n. 
Comb... Azolla, Botrychtum,—-Woodwardta, Glyptostrobue, 
Taxodtum, Fokienta, Sptrodela, Platanus, Taptsecta, Ampelop- 
sis and Vitis constitute the minor element of the flora. 
Peneais of spongy mesophyll tissue, an unusual feature in 
fossils, was discovered and reported for the first time in 
Cérctditphyllum, Platanus and Vitts. Also reported for the 
first time are: vegetative remains of Azolla schopftt 
Dijkstra with reproductive structures tn sttu and branching 
axes of Metasequoia occtdentalis (Newberry) Chaney bearing 
pollen cones. 

Correlation of the flora with other floras has shown 
that the Genesee fossil assemblage is Paleocene in age. On 
the basis of flora and stratigraphy the fossiliferous beds 
were referred to the Scollard Member of the Paskapoo Form- 
ation (Lrish, 1970). It was also pointed out that none of 
the forms considered by Dorf (1942) as the "best indices of 
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Lancian age" (Upper Cretaceous) was found in the Genesee 
suite. 

A warm temperate, humid, winter-dry and summer-wet 
climate was inferred from floristic and vegetational analysis. 
Judging from the excellent preservation of the leaves, a 
poorly drained, quiet depositional environment with Taxodtum 
and Glyptostrobus as swamp and Metasequota, Ceretdtphyllum 


etc., as stream-side vegetation was visualized. 
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PREFACE 


Deposited when no man trod this earth, buried in Time, 
sealed in shale and liberated at the strike of a steel 
hammer, the GENESEE FOSSILS, carbonized figures in sediment- 
ary pages, indelible testimonials to Nature's craft, a 
treasure trove to a fossil hunter and a delight to a 
taxonomist, are a rare combination of beauty and detail 
holding secrets of a forgotten flora. Abundant in occurrence 
and exquisite in preservation the study of these fossils is 


the converging point of Nature's art and man's science. 
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CHAPTER 1 


INTRODUCTION 


The fossil locality at Genesee, Alberta has been known to 
amateur fossil collectors for many aed Ettlecnot an 
exaggeration to say that the locality easily ranks as the 
classical locality for early Tertiary floristic investigations 
of not only Alberta but also of western Canada. The fossil 
beds are famous for the remarkable and excellent leaf 
compressions which occur in profusion. The fossils are thus 
ideally suited for critical systematic studies. 

This thesis places a special emphasis on the systematic 
aspect of the various species. Stratigraphy, age of the 
fossil beds, climatic consideration and local environmental 
changes at the time of deposition are treated as related 
EOPLCS:. 

Although the flora is not diverse in the number of 
species, nevertheless the study is a significant contribution 
to a better understanding of a segment of Alberta's floristic 


past. 


Previous work 
A serious study of the Genesee megafossils was made by 
Brayton (1953), when he completed a M.Sc. thesis based upon 
400 "museum" specimens collected from Genesee. Assigqning 
the Genesee fossil beds a position "approximately 49 feet 


below the 'Big Seam' and around 180 feet above the Knee 
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Hills Tuff", and based upon a comparison of the Genesee 
species with those of the type section Lance beds of Wyoming 
(Dorf, 1942) he concluded that the Genesee fossil flora was 
"(Lance equivalent in part?) of Maestrichtian (?) age...". 
The Big Seam referred to above is the correlative of the 
Ardley coal seam, exposed near the Genesee outcrop downstream 
and is known as the Coal Arch (Brayton, 1953). Brayton's 
identification of the species suffers from a number of 
deficiencies. A detailed criticism of the thesis is not 
attempted here. But a few pertinent comments with respect to 
the*correctness of ‘some"of the species’ assigned ‘are necessary. 
Brayton considered the presence of four species viz., 
Anona robusta Lesq., Dombeyopsts colgatensts Brown, Trocho- 
dendrotdes arctica Heer, Vitts stantont (Knowlton) Brown in 
the Genesee assemblage as the "best direct index of Lance 
age....". Of the four species with the exception of Trocho- 
dendrotdes arctica, the rest are misidentifications. Since 
these species have a strong bearing on the age of the fossil 
beds a discussion of the species in some detail is in order. 
Anona robusta Lesq.: Brayton (MS 1953, p. 36) described 
the leaf, without providing an illustration, as having a 
denticulate margin. Neither the original author (Lesquereux, 
1883;¢p.°124;) pli°20) figs 4)" nor subsequent investigators 
(BOrf,thIA2pep. S151 aBeti9s79499 “pT Y6l)*described*the’ species 
having a margin other than entire. Therefore, Brayton's 
specimen is not conspecific with Anona robusta Lesq. This 


specimen probably belongs to Tapiscta serrata (Newberry) n. 
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comb.. (See chapter 4). 

Dombeyopsts colgatensts Brown: Brayton described the 
species as having "Sinuate to slightly crenate" (MS 1953, p. 
40) margin. The accompanying illustration (pl. 24, fig. 2) 
is of a fragmentary specimen showing no detail. In Brown's 
few 7D. 2o2, pl. 60,,. "figs. l.to 4) account of D. colgaten- 
sts, a crenate margin was never mentioned. The species was 
described as having entire or undulate margin. In Dorf's 
(1942, p. 149, pl. 14, figs. 1, 4) report of the species from 
Lance flora no mention of a crenate margin was made. There- 
fore, Brayton's assignment of specimens to Dombeyopsts colga- 
tensts is incorrect. This specimen belongs to Cerctidtphyllum 
cuneatum (Newberry) n. comb... (See chapter 4). 

Vitts stantont (Knowlton) Brown: Neither the original 
type specimen Castalta stantont Knowlton (Knowlton, 1905, p. 
iA eal. 9. fig. 4), nor Brown's Vitie stantont (Knowlton) 
Preemie lOS7...p.1 2527) DOEE, 19425.p., 145; Bell ,-1949, p.. 75) 
can be matched with the fragmentary specimen of Brayton (MS 
IS aSe peas pl... 18, Eigt.2). The illustrated: specimen does 
not show details of the margin. This specimen belongs to 
Ampelopsts acerifolta (Newberry) Brown. (See chapter 4). 

In view of these incorrect identifications the need has 
arisen to make new collections and re-examine the flora in 
all its aspects. The present study which encompasses a much 
larger collection and utilization of statistical treatments 
has enabled a clarification of some of the systematic 


problems. In addition, a few species were discovered and 
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CHAPTER 2 


STRATIGRAPHY AND LOCALITY 


The fossiliferous beds are exposed on the south bank of 
tne North SasKatelfewan River (pl. 1, figs. 1 to 5) about 45 
miles west of Edmonton. Text-figure 1 shows the exact 
location of the fossil locality. Due to massive slumping the 
beds are exposed repeatedly at three levels, the highest level 
being indicated by the arrow in plate 1, figure 1. The low- 
est level occurs at the edge of water where, loose blocks of 
Shale are exposed when the water level is low (pl. 1, fig. 2). 
At the highest level where the beds are in sttu, they are 
usually covered by slumped glacial deposits, which overlie 
the beds, requiring massive digging to expose the beds (pl. l, 
fig. 3). Figures 4 and 5 of plate 1 represent, in part, 
closer views of the beds illustrated in figure 3. The beds 
shown in figure 3 were exposed after digging. Figure 4 and 
5 of plate 1 correspond, in part, to a portion of the section 
illustrated in text-figure 2. The symbols 'az' and ‘an' in 
plate 1, figure 4, correspond respectively to "Azolla" and 
"Me tasequota,~Ceretdtphyllum..wwete.,"—in--text-figure .2. 

Text-figure 2, illustrates the section, in part, of the 
outcrop and it is mainly intended to fix the position of the 
shale beds from which the fossils described in this thesis, 
were recovered. The figure is self-explanatory with respect 
to the stratigraphical sequence and no detailed description 


is attempted here except for a few points which require 
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additional explanation. The shale beds comprise fine-grained 
sediments of volcanic origin interbedded by coal seams and 
bentonitic clay of variable thickness. The extent of the mud 
stone at the base of the section is unknown. The Coal Arch 
(Ardley Coal Seam) has been assigned a position 25 to 50 feet 
below the basal-most coal seam (text-fig. 2) (report from 
Dr. R.S. Taylor of Spence Taylor and Associates Ltd.). The 
Coal Arch is exposed downstream about a mile away from the 
section (text-fig. 2). Its thickness is unknown. 

The stratigraphical separation of the fossils into 
UMecasequota, Cercetdtpnytrum.. #cte., -eand'“Azoltla" (text- 
fig. 2) is not clearcut but gradual; the labels only indicate 
the relative abundance of the genera. The majority of angio- 
spermous remains along with very few gymnosperms occur as 
dense concentrations: (pl. 1, figs. 6, 7) in greyish, fine- 
grained, well consolidated, hard, fissile shale, in the lower 
part of the section’ (text=fig. 2).° In some places, the 
angiosperms grade above into a high concentration of Meta- 
sequota to the exclusion of almost every other species. At 
other places angiospermous remains along with gymnosperms 
grade above into a high concentration of Azolla and Sptrodela. 
Azoll@mand 6p7 rodelaqreoccur-in burt to. grey, fine-grained, 
soft shale with a blocky fracture. In general, angiospermous 
remains, Metasequota and Azolla succeed one another in an 
ascending sequence. 

The lateral extent of the beds is not fully investigated 


and is unknown at present. Coal samples from the coal seams 
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Fossil locality at Genesee. 

South bank of North Saskatchewan River near 
Genesee where the fossil beds are exposed. Arrow 
points to the highest level where the beds are 

tN SECU. 

Scattered loose blocks of fossiliferous shale at 
the edge of water. 

Front view of beds exposed after digging at the 
location indicated by the arrow in fig. l. 

Nearer views of the beds shown in fig. 3. 

'az' and ‘an' indicate the relative abundance of 
Azolla and angiosperm remains respectively. 
Large piece of shale with numerous angiosperm 
leaves. (Sr586 (Aj) 602. 

Large piece of shale with numerous angiosperm 


leaves. (S 885) X 0.2. 


(Specimerts shown in figs. 6,7 were collected 


from Genesee, Alberta). 


PLATE 1 


1? .. 
CHAPTER 3 


MATERIALS AND METHODS 


Fossil material: The organic remains comprising mostly 
leaves and reproductive structures, recovered from the Genesee 
fossil beds occur as compressions. Some of the angiosperm 
leaf fossils are iron-stained. To a casual observer these 
iron-stained leaves appear as dark, rust-coloured, structure- 
less impressions. Some of them, however, exhibit better 
eetati than the ordinary®*éompressi6ns" (pr¢*20))0figs!. 35,0137). 
The foliar compressions are preserved flat in the shale. 
Petioles of angiosperm leaves, when preserved, usually dip 
into the shale, while the laminae themselves are flat. Leaves 
of Metasequota and fruits of Ceretdiphyllum, also dip into 
the shale. Most of the leaves show remarkable details of 
venation patterns, glands and remains of spongy mesophyll 
tissue. Some angiosperm leaves show small macroscopic carbon- 
ized spots, irregularly disposed on the laminae. The nature 
of these spots could not be determined. Depending upon their 
relative stratigraphical position in the fossiliferous beds 
correlated with the type of sediment, the organic remains 
show varying degrees of preservation. The position of the 
fossils in the stratigraphic section and the nature of the 
sediments are already described in the previous chapter. 

The degree of preservation in a fossil, in general, is 
assumed to be the result of a number of interacting factors, 


physical as well as chemical, which operate on the organic 
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23 
matter in the process of fossilization. This is a safe 
assumption in the case of leaf compressions because critical 
and extensive experimental evidence as to which factors are 
specifically responsible for a given degree of preservation 
is lacking at present. Physical and chemical factors referred 
to may include the size and chemical composition of the sedi- 
mentary particles, pH of the water and diagenetic processes. 

The Genesee leaf fossils show a high degree of preserv- 
ation of venation including the ultimate, freely-branching 
veinlets in the vein islets. It is interesting that while no 
recognizable cuticular remains were recovered, the leaves 
show well-preserved venation patterns. No speculation is 
possible at present as to the exact factors which were 
responsible for the fine preservation of venation to the 
exclusion of cuticles. It should, however, be recorded here 
that the cuticles of leaves of modern Cerctdtiphyllum were 
completely removed in a short time of two weeks when kept in 
a weak alkaline solution (2% sodium hydroxide). It can be 
inferred from this, that one of the factors responsible for 
the absence of cuticles might be a basic depositional 
environment. 

The fossil material was collected in large quantities 
as randomly as possible. 

Living material: Leaves of modern species of Ceretdtphyllum, 
for comparison with fossils, were obtained from different 
plants that were growing in different localities of Japan. 


Some leaves were personally collected at random from mature 
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ES. 
trees of Ceretdtphyllum (70 to 80 years old) growing in the 
Arnold Arboretum and the New York Botanic Garden and a few 
leaves were obtained from a seedling growing in the green 
house at the University of Alberta. Herbarium material was 
also studied on a large scale from the Arnold Arboretum, the 


New York Botanic Garden and the Missouri Botanical Garden. 


Methods 


A number of methods (Darrah, 1936; Abbott, 1950; 
Dilcher, 1963; Cridland and Williams, 1966) were tried assum- 
ing that cuticular remains were preserved on the compressions. 
Full details of the methods devised by these authors can be 
had from their publications and are not repeated here except 
for a few explanatory notes. Darrah's (1936) and Abbott's 
(1950) methods are similar, i.e., the methods involve trans- 
ferring the organic remains from the rock by means of a dried 
film. The method of Cridland and Williams (1966) involves 
the digestion of rock after the specimen is embedded in a 
Suitable plastic. Dilcher's (1963) method is a bleaching 
process carried out with a 5% sodium hypochlorite solution. 
In addition to these methods a modified maceration method was 
tried. The method consists of bulk maceration of a pieCe of 
shale containing organic remains in concentrated hydrofluoric 
acid, followed by oxidation of the separated organic remains. 
The pieces of organic matter were oxidized, after removal 
from hydrofluoric acid and washing, by Schulze's mixture 


(concentrated nitric acid and potassium chlorate). No 
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14. 
cuticular remains were obtained by using any of the methods 
described above. 

In addition, a simple modified peel technique was devised 
to further explore the possibility of recovering cuticular 
remains. Even after repeated trials by this method with 
different leaf compressions showing varying degrees of 
preservation, no cuticular remains were recovered. It was, 
therefore, concluded that cuticular remains were not preserved. 
The method is a modification of the acetate peel technique 
(North, 1956; Sinclair and Dunn, 1961; Stewart and Taylor, 
1965) involving the following steps: 

1. Wash the surface to be peeled in a gentle stream of water 
and dry thoroughly. 

2. Keep the surface as level as possible. 

3. Flood the surface with acetone. 

4, Spread a sheet of cellulose acetate quickly to cover the 
surface. 

5. Watch the acetate film contract and return to normal 
slowly. If air bubbles form while the peel is drying 
prick them with a needle and quickly mend the broken area 
by spreading a viscous mixture of acetone and cellulose 
acetate. The mixture, consisting of 100 sq mm of 
cellulose acetate film dissolved in 5 ml of acetone, is 
prepared beforehand and kept handy. 

6.eLet the: film dry ‘for about'7 to’ 10 minutes. 

7. Pry the film with a needle or a razor blade from any 


convenient edge and peel off slowly. If the surface is 
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ES. 
too uneven lift the peel gentiy "from all edges around the 
specimen. 

8. Place the peel in dilute (about 6%) hydrofluoric acid to 
remove the adhering rock particles. 

9. When the peel is clear, wash thoroughly, dry between paper 
towels, cut to convenient size and mount dry or in 
Permount; seal with a cover slip. 

Comncnt:s:~ En=step L7Sthe surtaceenust@bepthoroughly#dry;:, any 

trace of moisture on the specimen renders the peel cloudy. 

Although the modified peel technique proved to be of 

no value in recovering cuticles, with respect to the Genesee 

fossils, the method was found useful for other purposes. 

Foliar remains from the Genesee locality occur in dense 

concentrations in blocks of shale. The leaves often lie one 

atop another with a thin layer of sediment in between. This 

Situation presented a problem in attempts to expose a leaf 

lying immediately beneath another because the lower leaf could 

not be exposed without destroying the upper one. The 
modified peel technique was found valuable in transferring 

and preserving leaf compressions intact, which otherwise would 

have been destroyed. The peels in some instances were found 

useful ain the study of venation patterns (pl. 28,.fig. 192) 

When a peel was made for the purpose of salvaging a specimen, 

steps 8 and 9 of the method described above were eliminated. 


Peels were stored in envelopes after step 7. 
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6, 
Leaf clearing 
As already stated, in the absence of experimental 
evidence no speculation can be advanced to explain the 
factors responsible for the fine preservation of venation in 
the Genesee fossils. However, the venation is preserved in 
such excellent detail, that it can be equated to a condition 

seen only in cleared leaves of modern plants. Therefore a 

humber of cleared leaves were prepared (pl. 11, figs. 72, 73, 

75) from modern species that are suspected correlatives of 

fossil species. The following clearing method was obtained 

from Dr. L. J. Hickey of U.S. National Museum and slightly 
modified. 

(a) Equipment and chemicals: Petri dishes of various sizes; 

plastic screening (window mesh); hard rubber roller (photo- 

graphic); forceps; 5% solution of sodium hydroxide; ethyl 
alcohol 100%; safranin 'O', 1% in ethyl alcohol and toluene; 
saturated aqueous solution of chloral hydrate; solution of 
ethyl alcohol 100% and toluene (1:2) for destaining; Permount 

(mounting medium) for mounting; large glass slides or lantern 

slide glass plates. 

(b) Procedure: 

1. Place dried leaf in Petri dish, weight with plastic screen- 
ing cut to size of the dish and cover with sodium hydro- 
xide solution. Note that clearing with sodium hydroxide 
may take several weeks, depending upon the texture of the 


leaf. 


2. Change solution at first daily and then at longer intervals 
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7. 
until it is clear. The leaf may not appear perfectly 
colourless when the solution is clear due to colouration 
of the cuticle or epidermis. Nevertheless it is ready for 
step 3. 

3. Wash in a gentle stream of tap water to remove the clear- 
ing solution. 

4. Soak leaf in chloral hydrate solution for several hours. 

5. Wash. 

6. Run through abbreviated dehydration series of alcohols to 
100 tneithy ila alcoho li.nar(d032,11503i,590%%, 100%):. 

7. Stain in safranin 'O' solution for approximately 30 
minutes. 

8. Destain in the ethyl alcohol and toluene solution for 5 
to 15 minutes until desired contrast has been secured. Be 
careful not to destain the ultimate venation. 

9. Transfer leaf into 100% toluene. 

10. Place leaf between two glass slides and flatten it care- 
fully with a hard rubber roller. 


11. Mount in Permount between two glass slides. 


Statistical methods 


It is well known to those who are familiar with the 
literature on megafossil floras of the Upper Cretaceous and 
Lower Tertiary, that a good number of publications are replete 
with doubtful species often erected on the slightest evidence 
(Ward, 1887; Newberry, 1898; Lesquereux, 1878; Hollick, 1930, 


1936). Many of these species are based upon single fragments. 
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ae?, 
As Brown (1962) aptly puts it, "the fewer specimens a student 
has’ ‘the ‘more’ species he’ is likely to make". This shortcoming 
has been remedied to a large extent, with respect to Genesee 
fossils, by resorting to mass collecting. During collection, 
bias, in the sense of collecting only well-preserved specimens, 
was kept minimal. The best procedure under ideal conditions 
seems to be to collect quantities of fossiliferous shale at 
random without any bias whatsoever and analyse the contents 
in the laboratory. However, factors like transport of the 
fossil material, and inaccessibility of the site sometimes 
outweigh such an ideal procedure. In any event, a number of 
leaf compressions from the Genesee shale were, in fact, 
recovered in the laboratory. 

Statistical analysis as applied to the Genesee mega- 
fossils, was done with a two-fold purpose. First, the 
fossils were collected in large numbers, as outlined above, 
to find out the range of variation and the relative frequencies 
of the various species. In spite of selective deposition of 
plant remains one can get a general idea about the floristic 
composition of the fossil locality including some ideas as to 
which species are dominant. Second, the morphological 
characters of the individual leaf compressions belonging to 
a species were statistically analyzed for taxonomic purposes. 
This aspect will be discussed in detail at the appropriate 
place (see chapter 4 and ‘Appendix'). 

Measurements and numerical counts relating to venation, 


especially in Cercidtphyllum (see chapter 4 and 'Appendix'), 
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were made with the help of enlarged photographs. In some 
instances camera lucida was used for measuring ultimate 


venation. 


Ecological associations 


In identifying fossil leaves one must exploit all facets 
of evidence. Primarily this is achieved by a study of the 
morphology of the organs themselves. Sometimes such a study 
could be complemented by investigating ecological associations 
of species in modern floras (MacGinitie, 1941, 1969; Brown, 
1962). This method has been used in the study of the 
systematic affinities of the Genesee fossil flora. For 
example, correlatives of an association of Ceretdtphyllum, 
Taptseta, Metasequota identified in the Genesee flora, are 
found growing as ecological associates in south central 


China’ (Chu andeCooper; 1950). 
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CHAPTER 4 


SYSTEMATIC DESCRIPTION OF THE FLORA 


Introduction: A major portion (56%) of the Genesee collect- 
ion comprises deciduous angiosperm leaves. Almost every 
investigator who has dealt with fossil floras composed of 
leaf remains has experienced some degree of difficulty in 
the interpretation of systematic relationships of the fossils. 
The basic problem is the proper identification of the fossil 
leaves. While earlier workers showed a tendency to create a 
large number of species disregarding the range of variation 
within a species, probably for the purposes of stratigraphy 
(MacGinitie, 1969), later investigators realized the need to 
treat the detached fossil leaves as biological entities 
rather than “practical species" (Brown, 1962, p. 36). 
Excellent treatments on all aspects of systematics in paleo- 
botany relating to fossil leaves are given by Chaney (1938), 
Dorf (1942), Brown (1962), and MacGinitie (1969). Some of 
the problems related to the Genesee fossil flora are discuss- 
ed at length in the section dealing with Ceretdtiphyllum. 

In this thesis a conservative approach is used through- 
out in the identification of the fossil leaves, avoiding the 
creation of a large number of species treating them as 
biological entities, and taking into account the range of 
variation in each species. When a species found in the 
Genesee flora is made conspecific with another the original 
description of the species and later synonymies given by 


various authors are checked from published data. Since in 
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most cases Original specimens are not available for compara- 
tive studies no lists of synonymies are included as such. 
However, Species which bear resemblance to Genesee specimens 
are thoroughly discussed under each species. In the list of 
species to follow, various established classifications are 
followed. Thus ferns are classified according to the system 
used by Smith (1955); gymnosperms according to the classific- 
ation given by Lawrence (1968) and angiosperms according to 


the system of Engler and Prantl as given by Willis (1966). 


Systematic list of the flora and frequencies 


Note: The numbers in brackets represent the number of 
specimens and the percentage of frequency respectively in the 


collection. Frequencies less than 1% are not recorded. 


Class: Musci 
Moss (1) 
Class: Filicinae 
Family: Ophioglossaceae 
Borrychzumssp. (1) 
Family: Polypodiaceae 
Woodwardta arctica (Heer) Brown (2) 
Family: Salviniaceae 
Agolla schopfti Dijkstra (40, 4%) 
Incertae sedis: (3) 
Class: Gymnospermae 


Family: Pinaceae (1) 
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Family: Taxodiaceae 
Glyptostrobus nordenskioldt (Heer) Brown (8) 
Metasequota occtdentalts (Newberry) 
Chaney (370, 36%) 
Taxodtum dubtum (Sternberg) Heer (18, 23%) 
Family: Cupressaceae 
Foktenta catenulata (Bell) Brown (1) 
Incertae sedis: (1) 
Class: Angiospermae 
Sub-Class: Monocotyledonae 
Family: Lemnaceae 
Sptrodela seutata Dawson (10) 
Sub-Class: Dicotyledonae 
Family: Cercidiphyllaceae 


Ceretdtphyllum genesevianum sp. nov. (120, 


Cre prexcuceunm (HOLlick) 1. .comb.; (150;,° 15%) 
C. cuneatum (Newberry) n. comb. (165, 16%) 
Ceretdtphyllum sp. (7) 
Family: Platanaceae 
Platanus raynoldsti Newberry (20, 2%) 
Family: Staphyleaceae 
Taptseta serrata (Newberry) n. comb. (54, 
53) 
Family: Vitaceae 
Vi Fie *epee9l22 (23) 


Ampelopsts acertfolta (Newberry) Brown 
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Incertae sedis (6) 


Class: MUSCI 


(Plea Qyo fig LA) 


Comment: This specimen comprises a cluster of gametophores 
with a length of 10 to 15 mm, with crowded spirally arranged 
leaves. The leaves are 2 mm long, broader proximally taper- 
ing off distally, i.e., lanceolate and costate. Most leaves 
are folded lengthwise along the costa. Some exhibit traces 
of square cells. A detached, dark, ovoid carbonized 
structure measuring 2 mm long and 1 mm wide (seen at upper 
right in pl. 2, fig. 14) bears a strong resemblance to a 
capsule probably belonging to one of the plants. 

Judging from the morphology, the plant may belong to 
Dicranaceae or Ditrichaceae. 

(Figured specimen bearing number S 101, was collected 
from the Genesee locality by Mr. Dennis Wighton and deposit- 


ed in the paleobotanical collection, University of Alberta). 


Class: FILICINAE 
Family: Ophioglossaceae 
Botrychtum sp. 


(P1926 €igssee lOctonis) 


Comment: Fragments of foliage, and a single sporangiate 


axis were recovered. The foliage is too fragmented to give 
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a Satisfactory description of the entire foliar complex. The 
fragments are chartaceous, pinnate in organization with open 
dichotomousvenation .(pl. °2iy figs. 12); 13). °:The ‘associated 
axis is 2 mm in width and 125 mm in length and is not 
complete. It is unbranched up to three fourths of its length, 
branching distally, the branches bearing successively smaller, 
crowded, globose structures with a diameter of 0.5 mm to 1.5 
my raLeernate ly torvopposiivelyutpl 182) figs 9410 plll in ifig: 
10 the arrow points to the axis). 

The whole fragmented complex is quite similar to species 
Of Botrychtum especially, B. virgintanum (L) Swartz. In the 
fossil specimen organic connection between the foliar frag- 
ments and the axis is lacking. Further collections may 
throw light on the exact systematic affinities of this 
specimen. Hence no specific epithet is appended at this time. 

(Figured specimens bearing numbers S 1336 (L) and S 1337 
(L) were collected from Genesee, Alberta and deposited in the 


paleobotanical collection, University of Alberta). 


Family: Polypodiaceae 
Woodwardta aretteca (Heer) Brown 


(PYtt sbi fegsraispir) 


Comment: Only two sterile foliar fragments were recovered 
from the collection. The pinnae are about 85 mm long, 
chartaceous, with a finely serrate margin; venation consists 
of a midrib giving off veins to the pinnules. The veins fork 


repeatedly and extend to the teeth. Proximally the veins 


eS Pee ae sh 
sar _xalqnos ssilet smiitae erly: 
fege daiw soitswiampro mi. ; ote q ae ’ A 
botetogaas SaT (€ i ee pees a ni, om 
tom ef bats. : tiseaes. La ‘na, 291 Bs f “f xi 

pret ati Yo aperwok, ports, os) nt ne ste tee 


, 1 Siteme ylevierasoove ere ee. 


> 


oe 


tebes edd cod | 


pia ti 4 DL), OL .apee - a) ‘lbsieoggo:s 


ital ae 


eatoace od sihiainte stad ah woe 


eit AL .Sduawe (a) ounntngeRty ns awe. eke >] 
“pstt 1sifot edt aeewied soisoenade ois 
yom enolsoet es seco 
eidd to esid initts. od r 


aes atels tS ee | ek a rts 


im 


Aas! aan 


Bexevosss oxew exwemisat shah 
. »pRod nen es aaods, ons: eset 
/@seteaaco noisenew iabeten etsy 


20. 
anastomose forming large polygonal meshes. 

Brown (1962) has satisfactorily explained how Woodwardia 
differs from Onocelea, in having a finely serrulate or 
conspicuously serrate margin. Specimens from Genesee can be 
favourably matched with a number of species assigned to 
Woodwardia and Onoeclea. They are: Woodwardia arctica (Heer) 
mown “Brown, 1962" ao." 43 ,"pils 75° figs. -2%~ 3) ':*Woodwardia 
Lattloba Lesquereux (Lesquereux, 1878, p. 54, pl. 3, fig. la); 
Woodwardta lattloba var. mtnor Lesquereux (Lesquereux, 1878, 
Pe Of SY pls§ 44 tigs. "9 ,-9a)ys*Woodwardta’ tatttloba' serrata 
Rnowlton neevar. “knowl ton? 21930U pts 22 °S pI" 2) f1G2 LT) > 
Onoctea*senstbilts GBinnaeus*(Hollick ,~1936,°p: 35), pl. 2, 
Fags? U3)¢4).. 

Woodwardta arettca (Heer) Brown, is a Tertiary species. 

(Figured specimens bearing numbers S 1615 (B) and 
S 2841 (B) were collected from Genesee, Alberta and deposited 


in the paleobotanical collection, University of Alberta). 


Family: Salviniaceae 
Azolla schopfit Dijkstra 
(PTCLS ,SERGSY 15 C67 S*pl. “4 ,-figqsy“21 to 26) 


Azolla schopfit Dijkstra (Dijkstra, 1961) 


Although there is considerable literature on dispersed 
reproductive structures of Azolla, reports of vegetative 
parts are scarce. Brown (1934) described vegetative remains 
of Azolla berry Brown from Green River Formation of middle 


Eocene age. Prior to Brown, Berry (1928) described Azolla 
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terttarta Berry from the upper Miocene Esmeralda Formation. 
Neither author described reproductive structures. Vegetative 
remains with attached reproductive structures of Azolla 
prtmaeva (Penhallow) Arnold were described by Hills and 

Gopal (1967). 

The Genesee specimens are remarkable for their preserv- 
ation of vegetative parts with reproductive structures 
Peedcled 7 Siu (pla 3,efigusl5) .arrows; figs, 16, 17, 
arrows). The plant remains are sometimes superimposed on 
SeemonOociucreand OCcunuinupatches or mats (pl..4,. fig. 21). 

The Genesee material was studied and identified by 
Dr. A. R. Sweet of Geological survey of Canada and will be 
the subject matter of a joint publication by him and the 
author at a future date. The following description and 
discussion is based and extracted from a manuscript prepared 
by Dr. Sweet. 

Description: Fragmented stems (pl. 3, fig. 15; pl. 4, figs. 
22 to 24) up to 5 cm or more long, pinnately branched, main 
axis dominant, internodes up to 4 mm long with a single leaf 
between two successive branches. Leaves bi-lobed ranging 
from widely spaced on main axis to imbricate at branch and 
stem apices. (pl..3, fig. 15). Dorsal and ventral leaf lobes 
with a prominent midrib; dorsal lobe up to 1.6 mm wide and 

up to 2.0 mm long, elliptic, obtuse at apex with well- 
developed hyaline margin of elongate cells up to 0.5 mm in 
Sedthalpl. 4, fig, 26, arrows) ; margin entire. Ventral lobes 


up to 1.3 mm wide and up to 2.1 mm long, asymmetrical, of 
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paugle” layer of ‘cel?s. "Stem pubescent (pl."3, fig. 17)", up 
to 2 mm in width. Roots with a single central vascular 
aeeand, Usually in-pascicles’or 8 to: 15 rootlets (pl. "4, fig. 
25), rarely up to 3 rootlets only; rootlets 4 cm or more in 
Penge, 0.25 to: 0.35 mm in width: 
Comment: Forty specimens were recovered from the collection. 
Most of the plants are fertile bearing megaspore complexes 
(ple? 3, tig. ls to -l7," arrows) ,"with one” or two microspore 
bearing structures attached to the complexes (Jain, 1971). 
These complexes are easily visible to the naked eye as dark 
spots. As in extant species of Azolla the sporocarp is 
located in the axil of the lower most leaf of a branch. The 
roots are apparently attached to the stem at the location of 
a branch. 
Discussion: The species Azolla schopfit Dijkstra was erected 
to circumscribe megaspore complexes recovered from a sample 
of the Ludlow Member, Fort Union Formation of Paleocene age 
from South Dakota. Snead (1969) reported megaspore complexes 
of A. schopfii from the Scollard Member of Paskapoo Formation. 
Jain (1971) described megaspore complexes with attached 
massulae containing microspores, attached to and in associa- 
tion with vegetative remains collected from the Genesee 
locality. He assigned a new name, A. extinecta, to these 
reproductive complexes. A comparison of A. extineta with 
A. schopfii Dijkstra (Dijkstra, 1961; Snead, 1969) shows 
thac the former’ 1s Conspecitic with’ the’ latter. Therefore, 


the description of A. extincta by Jain (1971) can be 
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Gonsidered.ondy as..an.extension.of.the original,;diagnosis of 
A. schopftt to include the nature of the microspore bearing 
eeructures..4in the. present context,.the, circumscription: of 
A. schopftt Dijkstra is expanded to include the vegetative 
SeLuctures.. 

Of the species of Azolla whose sporophyte has been 
previously described only 4A. nilottea is known to possess 
roots usually in fascicles (Demalsy, 1958). In addition to 
A. schopftt sharing this character with A. nilottca, the 
general form of the plants of these species is very similar 
both being very elongate, with a dominant main axis and with 
widely spaced leaves along the main axis and imbricate 
leaves only at the branch apices. These morphological 
Similarities between A. sehopftt and plants of subgenus 
Rhizosperma,(in,particular.4A.<; .ntltottiea). suggest+aycloser 
relationship between A. schopftt and subgenus Rhizosperma 
than with subgenus Agolla. 

One trend in the evolution of the megaspore complex is 
the progressive reduction in float number (first proposed as 
an alternative hypothesis by Hills and Gopal (1967) and 
further discussed by Jain and Hall (1969)). Megaspore 
complexes of A. sehopftt with 15 to 22 floats are more 
closely allied to those of subgenus Rhizosperma possessing 
9 floats, than to the three floated megaspore complexes of 
Subgenus Agolla. This is in agreement with the inference 
already drawn from sporophyte morphology. 


The microspore bearing structure frequently found 
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Plate 2. 


Figs. 10-13. 
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Sptrodela scutata Dawson. Fig. 8 (S 944) X 4. 
5) Fagg 9) (S624) saeer. 

Botrychtum sp.. 

Branched sporangiate axis pointed by the arrow. 
(S"1336" Ci )e) exe Oral 

Enlarged distal view of the branched sporang- 
iate axis shown Un fig. 10. S(6r347 4) 
Kenle. Oie 

Venation of foliage associated with the 
sporangiate axis. "4S" 1337) (he ex.s. 


Moss. CS) E0.L)) Sees 


(Collected from Genesee, Alberta). 
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Plate 3. 


Bl See oa. Azolla sechopfit Dijkstra. Arrows in figures 
point to megaspore complexes. (S 1300). Fig. 
V5 0X2, 52) SEA a Ore eye re 

Figs. 18, 19. Woodwardta_aretitca (Heer) Brown. Fig. 18 
(S 1615 (B)) 20095 “Fig. 19 “(So ezeaere)s 
>, Gan ees oe 


Figwi20. Incertae sedis, /(S 393)..x° 326. 


(Collected from Genesee, Alberta). 
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Azotla.schopfitt Dijkstra. \Figee2zla(S 2650) 

X% 0.9. Pig. 22) (S 2233) UX, 2oy ees 2S. 06s ee 
X 3. (Figs s24 (S sl0G2) 7X2 ye 

Roots~in fascicles. (S 970) xX92.7. 

Dorsal lobe (left) of a leaf; arrows point to 
cells in the hyaline margin. (S 1303 (L)) 


X27, 


(Collected from Genesee, Alberta). 
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312. 
species have fluke-tipped glochidia. 
(Figured specimens bearing numbers S 2836, S 2233, 
Beene SPS SL062 /-S'"9:70t, S991 303'(L) and 'S 11300 wereccollected 
from Genesee, Alberta and deposited in the paleobotanical 


collection, University of Alberta) . 


Incertae sedis 


(Pl, f2ae¢cigl 20) 


Comment: Three specimens comprising fragmented foliage were 
recovered from the collection. Pinnae are poorly preserved, 
chartaceous, margin of pinnules entire; pinnules are 10 mm 
long, base decurrent, joined together; central vein of 
pinnule is pinnately branched, the branches dichotomizing 
once; ends of dichotomies terminate at the margin. 

The systematic position of the sterile foliage is 
uncertain. 

(Figured specimen bearing the number S 393, was collect- 
ed from Genesee, Alberta and deposited in the paleobotanical 


collection, University of Alberta). 


Class: GYMNOSPERMAE 
Family: Pinaceae 


(Pl. 7, fig. 44) 


Comment: A single, highly carbonized compression of a cone 
78 mm long and 25 mm wide and with spirally disposed cone 


scales was recovered. The specimen can be favourably 
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compared to a female cone of Pteea. 
(Figured specimen bearing number S 845 (A) was collected 
from Genesee, Alberta and deposited in the paleobotanical 


collection, University of Alberta). 


Family: Taxodiaceae 
Glyptostrobus nordenskioldt (Heer) Brown. 


(Pl. 7, figs. 41 to 43) 


Comment: Eight specimens of the collection comprise this 
species. All of them are foliage shoots. Some of the shoots 
Form a branching system (pl. 7, figs. 41 to 43) with shoots 
borne alternately on branches. The branch axis bears short, 
spirally and closely arranged, scale leaves. Foliage Esore 
bear dimorphic leaves i.e., proximal, spirally arranged, 
short, scale leaves and distal, linear, leaves. The linear 
leaves, are thin in texture with a prominent midrib, alter- 
nate, distichous, up to 12 mm long, 1 mm wide, with a 
decurrent base extending parallel to the axis as in 
Taxoditum. The linear leaves are more widely spaced than the 
scale leaves, and diverge at an angle of 25-45°. 

Herbarium material of the living Glyptostrobus penstilts 
Koch was compared with the Genesee material. The living 
species shows cryptomeroid, cupressoid and taxodioid (Brown, 
1962) foliage. The taxodioid type of leaves are linear, 
alternate, distichous, decurrent, with the base parallel to 
the axis. This condition is best observed in shoots in which 


the leaves are inserted at some distance from one another and 
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diverging at wide angles, between 70 to 80° from the 

axis. The nature of the decurrent base is not well-defined 
in shoots bearing leaves which are crowded, spirally arranged 
and inserted at low angles, i.e., less than 45°. The 

Same situation described here is seen in the Genesee fossils. 
Discussion: The assignment of the meagre and fragmentary 
foliage, without reproductive structures, collected from 
Genesee, to Glyptostrobus nordensktoldi (Heer) Brown, is made 
with some reservations. Leaves of extant Glyptostrobus and 
Taxodtum, especially the linear type, are indistinguishable. 
As commented on above, the mode of insertion of leaves in 
both genera seems to be identical. The only difference 
appears to be in the spacing of the scale leaves. In 
Taxodtum they are crowded together forming an enlarged 
bulbous cluster at the base of the foliage shoot. [In 
Glyptostrobus, on the other hand, they are slightly more 
widely spaced without forming an enlarged cluster at the 
base. This condition is also seen in the fossils (pl. 7, 
fig. 43). These observations are based on a few twigs of 
herbarium material of Glyptostrobus and living specimens of 
Taxodium and require verification based on a larger suite of 
material, both living and fossil. 

Among the fossil species described from various 
localities, the following can be matched with the Genesee 
specimens. Sequoia nordensktoldit Heer? (Newberry, 1898, 

p. 20, pl. 26, fig. 4). The line drawing by Newberry shows 


fragments of shoots bearing linear leaves only. His 
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description in the text, however, mentions two kinds of 
leaves, short and linear. His description could be matched 
with the Genesee specimens. Cryptomerites lambti Bell (Bell, 
1949, p. 49, pl. 30, fig. 5, specimen to the left); Flato- 
eladus (Cryptomerites?) nordenskioldi (Heer) Bell (Bell, 
mao pincs0ip pias 31h, HEalg:.. o3)t; uéty ptostrobusimeuropaeus 
earncngmilart )shingenutlolldichyy 1936 mcpehol peopl ofl Fpefiigsscl: 
See) nz ito 4 7ihpls., MW pisiae Topcpl balb0S:, KEig: ihh)s. a)Hollick 
says that some of his specimens are difficult to distinguish 
from Taxodtum dubitum (Sternberg) Heer. 

(Figured specimens bearing numbers S 1013 (B), S 272 
and S 3152 were collected from Genesee, Alberta and deposited 


in the paleobotanical collection, University of Alberta). 


Metasequota oectdentalts (Newberry) Chaney 
(ines Pst igs. Se2iento 132 hol. contigs £n3s: ton Lnyeds. n3%jlisgs. 


245, 1246 , r24B7- 1249) : 


An exhaustive historical study encompassing the inter- 
relationships of Metasequota, Sequota and Taxodtum, living 
and fossil, was made by Chaney in 1951. Remains of Meta- 
sequota recovered from Genesee are conspecific with his 
combination Metasequota ocetdentalis (Newberry) Chaney. 
Comment and discussion: This species is the major 
component of Genesee megafossil flora next to Ceretdtphyllum. 
Three hundred and seventy specimens including 10 pollen 
cone-bearing axes and 4 seed cones were recovered from the 


collection. While most specimens are deciduous short shoots 
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S73 
tele G7; Vfigl’ 335 *plyVsg7 "£igl'249) ,Pa*few deciduous branches 
mooring Shore Shootseare seen“(pile SU*EtgGr*27;*pl: “39> "FTas. 
249, 246) .° The term ‘branch’ used here is equivalent to a 
long shoot. Moreover, in the extant Metasequota glypto- 
strobotdes Hu and Cheng, the distinction between long and 
short shoots can be made out not only by the fate of a 
particular shoot but also by the morphology of the leaves 
borne on it. Thus, a foliage shoot borne by a long shoot may 
develop into a long shoot, or remain as a short shoot. Long 
shoots, which are usually persistent are of indeterminate 
growth; short shoots are deciduous and of determinate growth 
(Chaney, 1951; Hui-Lin Li, 1964). Long shoots bear opposite, 
distichous short shoots or sometimes, one of the opposite 
pairs of short shoots may be absent (pl. 5, fig. 27. Compare 
Purse -troure with plvr2, fig. "2; “illustrated “in "Chaney, I951). 
Chaney"s statement in this context that, "a large needle 
occupies its place" (p. 177) referring to the undeveloped 
short shoot of an opposite pair, is incorrect, leading to the 
inference that a cauline structure is replaced by a foliar 
Organ. In higher plants cauline structures are always 
subtended by foliar organs and one does not replace the 
other. Long shoots bear leaves up to three times longer than 
those borne on short shoots and fall off if they are not well 
established with the onset of winter (Chaney, 1951). A few 
fossils show this condition (pl. 5, fig. 28; pl. 39, figs. 
246, 248). In the modern Metasequota glyptostrobotdes short 


shoots grow from the axils of some of the long shoot leaves 
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a8. 
here and there without any regular pattern. The same condi- 
tion is observed in some specimens collected from Genesee 
etcibentiig. 28; pl. 39, figs. 245, 246).. The specimen 
figured in plate 5, figure 28 is nearly identical to those 
er ouvedeby(Chaney (195l7apl.. 4, figs.+8., 9)..;;\1t.is-also 
interesting to note short shoots in various stages of 
Bevelornentnstarting £remgbuds “pl. 329, figs. 245, 246). 
Arrows in figure 245 and the top most arrow in figure 246 
point to small, structureless carbonized masses inferred to 
be buds judging from their analogous position in the living 
plant. Further, such an inference could be drawn from the 
fossil specimen (pl. 39, fig. 246) which exhibits successive 
growth stages of short shoots axillary in position. 

Chaney 'spchoice)of the tem -bracts;'...(1951 ,-p.. 4.78) 
referring to the cluster of scale-like leaves found at the 
base of the short shoots, which is seen as a slightly 
enlarged, bulbous, carbonized mass in fossils (pl. 6, fig. 
Saepl paIwiiga 249) ~tis dnappropriate... The term .'bract! is 
a morphological term traditionally applied to a foliar organ 
in association with reproductive structures like flowers and 
cones. The term scale leaf, is preferable in describing a 
foliar organ associated with a vegetative structure. It 
must, however, be noted that Chaney does not use the term 
bract in his specific description of Metasequota ocetdentalts 
(p. 225). The short shoots bear on average 28 pairs of leaves 
with a range of 20 to 32 pairs; leaves show a mean length of 


15 mm and a mean width of 2 mm. In long shoots, the length 
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3.9.. 
reaches up to 25 mm. The mucronate apex on leaves referred 
to by Chaney (1951, p. 178) is not observed in the Genesee 
specimens. 

Seed cones attached to stalks are rare. Only one was 
pecovereda(p1. m6, fig.o34) 29min sizes the? smallest: cone*is 
11 mm long and 6 mm wide, ovoid, elongate in shape (pl. 6, 
fig. 37); the largest is 40 mm long and 31 mm wide, globose 
mimishape (pl .0.6., fig.35)% 

Pollen cones are borne on simple or branched axes (pl. 
5; figs.2:29) to B25epl.'6)< fig .''36) 49" The ‘cones’ shows a’ range 
of damm to? 5*mm ain length: and:0..5° mm 'to14) mm» ins widths! | In 
one specimen, for the first time, a transition from a 
proximal vegetative region, to a distal fertile region is 
SBeemnrepier 5 Lig). BO)ee, Althoughimever Tiguned, Chaneyii(2951 , 
Pp. 227) made a suggestion with respect to the attachment of 
detached shoots bearing pollen cones, on compound branching 
axes. For the first time, branching axes bearing pollen 
cones, recovered from the Genesee collection, bear out his 
sugges tumimetp Be Syintiigs be2051%181 1382)e.08 RoOlleh, cones) déscrib- 
ed here are highly carbonized and do not show any detail. In 
fact, the small cones can hardly be distinguished from the 
buds mentioned above in connection with long shoots. The 
only way they could be distinguished appears to be in their 
Organization. Thus pollen cones are borne in the axils of 
each successively opposite pair of leaves (pl. 5, figs. 29 
to 32, pl. 6, fig. 36), while vegetative buds are borne 


without such a regular pattern (pl. 39, figs. 245, 246). 
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40. 
This observation needs further confirmation based on extensive 
studies of living material. 

A number of Genesee specimens can be matched with 
specimens figured by Chaney (1951). Metasequota occidentalis 
has been reported by Koch (1963) from the lower Paleocene of 
northwest Greenland. Some of the specimens described and 
figured by him are identical with the Genesee specimens 
compare: lis spl «4, Fliqa.2 gyseed scone with) pl. .6.fi9g.435 of 
this thesis). 

Metasequota occtdentalts (Newberry) Chaney is a wide- 
Spread species, both stratigraphically and geographically. 

It has been reported from the western United States, western 
Canada, and circum-polar regions, ranging from late Cretaceous 
(Shoemaker, 1966; Rouse, 1967) through Tertiary up to middle 
Miocene time (Chaney, 1951; Schloemer-Jager, 1958; Brown, 
1962.7 ‘Koch,. 1963;..Becker, 1969). It survived into the 
Pliocene epoch in Japan, with Metasequota glyptostrobotdes 

Hu and Cheng as the surviving relict in southern China. 

(Figured specimens bearing numbers S 353, S 3151, S 842, 
See 3435 Sued Gat 55 Ser I AGay IS) ol 5337S: OS: WBhdley iS #2867, Ad , 

S 1540 (A) and 1540 (B) were collected from Genesee, Alberta 
and deposited in the paleobotanical collection, University of 


Alberta). 


Taxodtum dubtum (Sternberg) Heer 


(Bt Ti pe cfliSun 3956 40 pile 39 iey te Tie ASA) 


Comment: Eighteen specimens including fragments, all 
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41. 
detached foliage shoots, were recovered from the collection. 
Eight shoots are complete. No branching systems were 
observed. The detached shoots, presumably short shoots, are 
of variable length ranging from 30 to 106 mm. The shoots 
bear 15 to 50 'pairs' of linear leaves, with a basal cluster 
of scale leaves which form a bulbous, enlarged base. Linear 
leaves diverge from the axis at a mean angle of 50° with a 
range of 40 to 60°. They are alternate, distichous and 
slightly curved abaxially giving a lax appearance; leaves 
are Of variable length and width, with a mean length of 6 mm 
and a range of 4 to 7 mm and a mean width of 1 mm with a 
range of 0.5 to 2 mm. Their shape is’ variable, oblong with 
parallel or slightly curved margins (pl. 7, fig. 40) or 
Siva pte pd .idsefigen39) withiant acutestip;s tThesabasesfof 
leaves are decurrent with the entire line of attachment 
parallel to the axis. 

Discussion: No reproductive structures assignable to this 
species were found. This might be due to its relatively 
rare occurrence in the Genesee megafossil flora. The same 
is true of Glyptostrobus nordensktoldt (Heer) Brown as 
indicated elsewhere in this thesis. 

Chaney (1951) thoroughly reviewed the literature relat- 
ing to three taxodiaceous genera Metasequota, Sequota and 
Taxodtum, and re-examined extensive fossil collections of 
United States and Canada. He assigned a number of species 
to two new combinations viz., Metasequota occtdentalis 


(Newberry) Chaney, a predominantly Tertiary species, which 
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42. 
Shoemaker (1966) and Rouse (1967) have recorded from the 
Upper Cretaceous and M. cuneata (Newberry) Chaney, a pre- 
dominantly Cretaceous species. He also revised the status 
of Taxodtum dubium (Sternberg) Heer, and two species of 
Sequota. While his circumscription of Metasequota occident- 
alis is sound, Chaney's M. ecuneata appears to be inconsistent, 
especially with respect to the species listed in his synonymy 
(p. 229). Before pointing out the inconsistencies it is 
worthwhile to review briefly the criteria which he considered 
to be significant and constant when distinguishing among the 
foliage in the three genera, Metasequota, Sequota and 
Taxoditum. These criteria are, the mode of insertion of the 
leaves and the alignment of their decurrent bases. In 
Taxoditum the insertion is at right angles to the axis of the 
shoot and in Sequota and Metasequota, it is oblique. In 
Taxodtum the leaf base is parallel to the shoot axis all the 
way; in Metasequota it is twisted and oblique all the way 
down to the subjacent leaf; in Sequota the base is oblique 
for a short distance and then parallel to the axis (Chaney, 
1951, p. 179). The relative significance of the phyllotaxy 
of the leaves (decussate in Metasequoia, spiral in Sequota 
and Taxodtum) was not specially emphasized by Chaney, even 
though it is an obvious feature drawing immediate attention 
in any fossil foliage fragment. It must be mentioned, 
however, that the phyllotaxy in Metasequota and Taxodtum is 
subject to slight variation requiring a large scale 


Statistical investigation. It is quite probable that Chaney 


oh 


-stq 6 , yemedd ‘rss | 
augete od beokven opis sk “waetoe 
to ssiceqge Get hms \79e8 (predie 
} -+aqbsoon Stomsendew 2! moksqiacent: > 
,tHetelenoomk sd a: Sa otystuge sh aly ini 
yergnomye ek mst bedert) setoege sat oF"; reqest AISLE 
at ti agionetekenoonr ens” tno" een 
poebianco on dodiw siretive edd yltekrd wolves 02 8 
sti3 poonm patdainontigearh wortw topteaoo Dew Ineo12 e 2 " 
ins. Hioinpes: Stoxpoapdah 6299p Oats oF 13 
eit to sotsyeewt to sbhom ent yexs sixedtiorscsiitt ! 
nl .esasd Jasrkuoeb> sibedee 0: ean 
eit to etys oft oF eeiipms sight 46 ek moet! 
ol .erpkitio ati 2s potoupaspsew Has teanoe 0 
ad? iff 2itts toorre edt oF lolisxsq ek. 
yew ort Lin’ eupifido bas boselih et Sbonsouy 
es ak seed erit proupede at iisel anes t de 
\yensdO) 2fhh ata ox felisusg/ end bas eonadarb t21¢ 
yxego! Tete ert Da. sbaboktinpite. avivelorvodr 
sharpest ee Lente phoitpeestem: aL edeeauoeb):® 
AoOyS ceeomt ye pesieadgme Yileioege Jom eaw | 
noi sna et6 bbomuak priwsxb sxu3s02. euobvlo: aa a 
bation hace ody seem SROs nenpext: 


gi mtboua tite anne ces ot 


43. 
(1951) was aware of this variation. Arnold and Lowther 
(1955), point out that leaves of Taxodium possess a mucronate 
tip as in Sequota and Metasequota, while Chaney recorded the 
tip as acute (1951, p. 180). As mentioned elsewhere, the 
linear leaves of Glyptostrobus penstlts Koch also show a 
decurrent base, which runs parallel to the axis as in 
Taxodtum. This observation lessens the value of Chaney's 
"constant" criteria, for distinguishing the foliage of 
Metasequota, Sequota and Taxodtum. 

In any event, some of the Genesee specimens included 
here under Taxodtum dubtum (Sternberg) Heer, can be favour- 
ably compared with figured specimens of species listed by 
Chaney (1951) in his synonymy of Metasequoia cuneata (New- 
berry) Chaney. The problem here is two-fold: either the 
assignment of the Genesee material to Zaxodtum dubtum is 
wrong, which in fact must be referred to Metasequota cuneata 
or that Chaney was in error in his list of synonymy of 
Metasequota cuneata. But, as commented on above, the 
Genesee specimens are clearly taxodioid according to Chaney's 
own criteria. Therefore, Chaney's synonymy of M. ecuneata 
were re-examined and a few of the species which were found to 
resemble the Genesee specimens are briefly discussed: 

Sequota cuneata Newberry (Newberry, 1898, p. 18, pl. 14, 
figs. 3, 4a): Newberry's illustrations are of fragments 
showing leaves disposed alternately. Sequota brevtfolta 
Heer (Lesquereux 1878, p. 78, pl. 61, fig. 26) :fxthas 


specimen shows leaves of sub-opposite (alternate) phyllotaxy 
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44, 
though Chaney (1951, p. 207) claims that they are opposite, 
the leaves showing a shape similar to Genesee specimens; 
Pevkeon, 2900 ,(ps527 welder 448 figs .slnto’:3) :+KnowLton's 
line drawings show leaves arranged in a sub-opposite phyllo- 
taxy. Sequota obovata Knowlton (1917, p. 250, pl. 30, fig. 
7): the specimen from Upper Cretaceous deposits (Vermajo) 
illustrated by Knowlton shows some leaves in sub-opposite 
insertion, though Chaney records that Knowlton's specimens 
exhibit opposite phyllotaxy and hence are referrable to 
Metasequota (1951, p. 214). It must be stated here that the 
foregoing analysis is based upon descriptions and illustra- 
tions. A study of the original specimens may reveal answers 
to these discrepancies. A few Genesee specimens resemble 
wae, Matewi.a 1, «frgused by hBell 4(195%; pansk, iplahhbe figw Thin 
part) as Metasequota cuneata (Newberry) Chaney pars. 

Bell (1957) amended the description of Metasequota 
ecuneata (Newberry) Chaney. The exact nature of the decurrent 
base was not mentioned in Bell's description. This is 
Significant since Chaney (1951) had shown, after a thorough 
revision, that the nature of the leaf base is a good 
character in distinguishing Metasequota, Sequota and 
Tacsodium. Further, Bell (1957) lists four characters in 
which Metasequota cuneata differs from M. occtdentalts, one 
of them being the "lack of evidence for scale-like leaves at 
the base of the short shoots" in M. ecuneata (p. 31). Some 
of the well-preserved foliage shoots collected from Genesee 


exhibit a bulbous, enlarged base consisting of a cluster of 
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45. 
closely spaced scale leaves (pl. 39, fig. 244). Inasmuch as 
these specimens are probably identical with the specimens 
figured by Bell (1957) under his M. cuneata, the Genesee 
specimens provide the evidence for scale leaves he was 
seeking. By the same reasoning the presence or absence of 
Scale leaves ceases to be a character of distinction between 
M. cuneata and M. occtdentalts. In conclusion it may be said, 
that the taxonomic status of M. cuneata (Newberry) Chaney is 
in need of more critical study based upon a statistical 
treatment of the living taxodiaceous genera. 

Specimens assigned here to Taxodtum dubtum (Sternberg) 
Heer, exhibit a considerable range of’variation in leaf shape. 
Chaney (1951) also attests to this fact, when he says that 
the leaves of Taxodtum have a wider range in shape than those 
Of Metasequota and Sequota, varying from linear to almost 
Ene proportion of Sequota. 

Of the long list of species given by Chaney (1951) under 
Taxoditum dubium (Sternberg) Heer, only one, Taxodtum crassum 
Peeters (Hollick, 1936, pe 48, pl. £65. fig .- 9), can: be 
closely matched with the Genesee specimens. Among the 
specimens of Taxodium dubium figured by Chaney (1951) his 
figure 9 of plate 12, is nearly identical to most of the 
Genesee specimens (pl. 7, fig. 40; pl. 39, fig. 244; S 359; 
Sn303, 

(Figured specimens bearing numbers S 1068, S 1007 and 
S 879 were collected from Genesee, Alberta and deposited in 


the paleobotanical collection, University of Alberta). 


ep doumesnt (OS: eit ee ce tay Sees | 
arominoge ort adiw’ ‘Teoisnebl 9 
g9agnse 92) , p18 eNwD * abt soban | 

a6w. Sit asset” afsod xo? soneb! idence. 

to eorteads’ ro. sombeotg gat sms oe 
fteswied mot: soatsete Bt) resosaallo, 6 ee ¢ me 

, Dise ad sg’ +: notenisiee cc .attotnabeaseah 8 5 
ei yensid (yxxedweM) sinsind M Re wosese | 
sented & noqu beapd bute of 

et ewan 
{(pxrsednrresa) myitub ardbounTt os ered 
.Sgede tsol ai notseixer to opus atdevobtanos esa 
jedg¢ ayse of nedw ,tost ebay OF aicos98 ORs 
eaont ast? oqadea ak epnee xobiws. ered msthoane 3 : 


seomia of xwodk i moat onivaaw ¢pbespst 


srsaep —" 


gebar, (12efy wannitb Yt nevinp sateen) apres a we | 
Mussnne Mytbome yore oy tae 1988” | wee 
snes 4 (@ vpht SL Vlg’ yee Ja cater exencer 

ard promA ,enemingga. marr miee’ boro 

ete (rear), yonsrD yo Bexyok® mits 
sit to: Peon Os: Isoktnebs iar sie 

sO2E 2 (eee cpht . Ce en ssa -o8t st “tay 
pas TOOL @ ,930L 8 exednun eotased 8 

ne Postage Sas strsdla see m 
<tnerSdLe ¥0: ie ea 


46. 
Family: Cupressaceae 
Foktenta catenulata (Bell) Brown. 


(PIT fia. 39) 


Comment: Only one fragment was discovered. It is 40 mm 
long and highly carbonized without showing any trace of 
venation. It is made conspecific with Brown's (1962) new 
combination Foktenita catenulata which is based upon Bell's 
(1949) Androvettta ecatenulata. The specimen collected from 
Genesee compares favourably with Androvettta catenulata Bell 
fe eo 49 fol, ots. | ,.2. Cl. 16, 6tig. 4), Foktenta 
Perenutacra (Bell) Brown (Brown, 1962, pl: 24, fig. 1). 

Both Bell (1949) and Brown (1962) report the species 
from Paleocene strata. 

(Figured specimen bearing the number S 2820 (A) was 
collected from Genesee, Alberta and deposited in the paleo- 


botanical collection, University of Alberta). 


Incertae sedis 


(Pi 39) fig! 247) 


Besides the species described above, a single detached 
cone attached to a stalk 40 mm long was discovered in the 
Genesee collection. The cone is highly carbonized, pyriform 
in shape with a length of 8 mm and a maximum width of 6 mm. 
One foliar appendage can be faintly seen attached to the 
stalk. Outlines of cone scales, arranged spirally, were 


observed after scraping the carbon away. This is not seen 
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PA ew oT. 

Pigsn. 2a 2% Metasequota ocetdentalis (Newberry) Chaney. 
Fig. 27 XS Sa3)ee ee 

PG. oe Short shoots in the axils of leaves borne on 
long shoots, (Sasso) x70 

BelGeuaes oe. Pollen cones borne on a branching system. 
(S842). Xi 

1p ibols > Sik, Pollen cones borne on a Simple axis. Note 
proximal sterile portion. (S 1343) X 0.9. 

BiCgswemo 72. Pollen cones borne on branching systems. 


Pig. 31.(S 961) xX 225. Fid 2220S 940)0) 2 


(Collected from Genesee, Alberta). 
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Plate, 6. 

Figs. 33-37. Metasequota ocectdentalts (Newberry) Chaney. 
Fige(333)<(S (1536) up ees 

Pig, 34% Stalked seed cone. (S 910) X 1.2. 

tb Ko tcl Choa Seed cone.) ) (Sis a ieee i. 

Urenigg Hey Lo oP Pollen cones; (S12867 (A)>°% ae. 

Page oi/e Seed cone (counter parts). (S’'1540 (A) and 


(Bye) ok 2a 


(Collected from Genesee, Alberta). 
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Plate 39. 


FLG: 


Fig. 


Rags 


Pigs. 


244. 


245. 


246. 


247. 


248,249, 


Taxodium dubtum (Sternberg) Heer. (S 879) 

Xo Gr 

Metasequota ocetdentalts (Newberry) Chaney. 
Arrows indicate axillary buds.) (S 795) xX 2: 
Metasequota oectdentalts (Newberry) Chaney. 
Arrows indicate successive growth stages of 
short shoots in the axils of leaves. Upper- 
most arrow points ‘to a bud’. ($7795) 22 
Stalked cone (incertae sedis). (S’ 283 7x 
Dinos 

Metasequota ocetdentalts (Newberry) Chaney. 
Fig. 248° (S 1038 (Aj) oxX 1. Viera 249\ (S70 
(B) 4x 23k 


(Collected from Genesee, Alberta) . 


50%. 


Plate 7. 


Rig. 38. 


Figs.)3o2, 40: 


Figs. 41-43. 


Fig. 44. 


Foktenta catenulata (Bell) Brown (S 2820)" 
ages | ee 
Taxodtum dubium (Sternberg) Heer. Fig. 39 
(S 1068) X° 229). -Biig.=540' (Se Lede eZ: 
Glyptostrobus nordensktoldt (Heer) Brown. 
Fig. 41 (8S 1013 (B)) X/ lee. (Figs e42 (Se ae 
X 1 (Pigs 143) (S33 E52) > aie 

Female cone belonging to Pinaceae, probably 
Pieea. KSos45 (Apex les. 


(Collected from Genesee, Alberta). 


PLATE 7 


in the figure. 

The familial affinities of the cone are unknown at 
present. 

(Figured specimen bearing the number S 2837 was 
collected from Genesee, Alberta and deposited in the paleo- 


botanical collection, University of Alberta). 


Class: ANGIOSPERMAE 
Sub-class: Monocotyledonae 
Family: Lemnaceae 

Sptrodela scutata Dawson 


(Pl. 2, figs. 8, 9) 


Comment: Ten specimens were recovered from the Genesee 
collection. In size, they are on average 18 mm wide and 15 
mm long. The plant body is a thin flat thallus, sub- 
Orbicular with about 14 arcuate veins radiating from a 
common point at the base. The veins converge distally. A 
pattern of equidimensional polygonal or circular areas with 
diameters of 350 uw is seen between the veins in some 
specimens (pl. 2, fig. 9). Bell (1949) suggested that this 
pattern may represent aerenchyma. A similar pattern was 
observed in the living Spirodela polyrhiza (L.) Schleiden. 
Specimens collected from Genesee exhibit carbonized remains 
of pubescence on the surface, a fact also recorded by Bell 
in one of his specimens (1949). The Genesee specimens bear 
a close resemblance to some of the specimens described and 
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conspecific with Sptrodela secutata Dawson. Brown (1962) 
treated Bell's (1949) specimens as synonymous with HAydro- 
mystrta expansa (Heer) Hantke. However, Brown admitted that 
the assignment to Hydromystria was not completely appro- 
PriaceeniWardssehi887 emp. Gioeaplei3 iafigsxade5) ikemnasscutata 
Dawson can be favourably compared to the Genesee specimens. 

In the Genesee collection Sptrodela seutata Dawson is 
invariably associated with the floating aquatic fern Azgolla 
schopftt Dijkstra. 

Bell reports the occurrence of Spivodela Sculala from 
Paleocene beds. 

(Figured specimens bearing numbers S 944 and S 824, were 
collected from Genesee, Alberta and deposited in the paleo- 


botanical collection, University of Alberta). 


Sub-class: Dicotyledonae 


Family: Cercidiphyllaceae 


Genus: Cerctdtphyllum Sieb. & Zucc. 


Introduction: Brown (1935, 1939, 1962) made the first major 
contribution in delimiting the specific status of the fossil 
leaves of Cercidiphyllum. In attempting to resolve "a 70 
year old problem" (Brown, 1939, p. 485) he synthesized 
numerous uppermost Cretaceous and Tertiary species, 

assigned at that time to such diverse genera as Populus, 
Zizyphus, Smtlax, Fiteus etc., into five stratigraphically 
Separated species of Cerctdiphyllum. The five species are, 


C. elltptteum (Newberry) Brown., (lowest Upper Cretaceous 


. etiemiveqge o9R0neo ods: ot wa ne ot 


ai soawed ptotuee stobontga s 


meet sipli®edss a shalagth to = ease wt x S Seahais 


eiew ,bS8 2 Bae bbe 2 ren 


-~oslsq eft mi besiacgeh bas: adseaLA 


rotsm soak ots shen sven: veer, 2808) 038 e 
| Lieeot ead 20 asase ot peg +P mi LOE * - . | 
besinossoe = wean vag eee ome sto 


ealaebegigkons gol esa si9d0 - 
: OTS eeivegs av.tt ont. mut S yiighbbbonsd 
auosoR2ex9 xeqq” tnewol) aneael 


52. 
into Paleocene); C. arettcum (Heer) Brown., (Paleocene to 
middle Eocene); C. elongatum Brown., (middle or late Eocene 
to probable upper Oligocene or lowest Miocene); C. crenatum 
(Unger) Brown., (upper Oligocene to late Miocene) ; and 
C. japonteum Siebold and Zuccarini (Originated in late 
Miocene or Pliocene and surviving at present). Brown's (1939) 
synthesis was intended to serve a two-fold purpose; first, 
to erect nominal and recognizable species and second, to 
trace a stratigraphic and morphological evolution of the 
Species from its earliest occurrence to the present day. A 
Significant adjunct to Brown's (1939) study of the fossil 
leaves, was the discovery of fruits and seeds associated 
with the leaves, and the inclusion of them in his specific 
designations. The recognition of a strong resemblance of a 
number. of fossil leaves to Ceretdtphyllum did not originate 
with Brown (1935, 1939). As early as 1877, Heer noted the 
Similarity between Cercitdtphyllum jgaponteum Sieb. and Zucc. 
in his description of Grewta crenata (as quoted in Seward 
andi Conwayyet9sooup.wi5Sin .- Berxy5.01922).4first.proposed the 
form genus Trochodendroides under the family Trochodendra- 
ceae to include fossil leaves resembling Cercidtphyltlum. 
Brown (1939) put forth tenable reasons for replacing the 
name Trochodendroides by Ceretdiphyllum, one of the reasons 
being to remove the ambiguity that Trochodendrotdes resembles 
Trochodendron, the living Asiatic genus. It should, however, 
be noted that Berry himself (1922, 1926, 1930, 1935) 


acknowledged the fact that Trochodendrotdes does not 
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54. 
resemble Trochodendron. A significant publication which 
deserves to be mentioned in this context was by Swamy and 
Bailey (1949) in which the morphological and taxonomic 
affinities of Ceretdtphyllum were thoroughly discussed. 
These authors came to the conclusion that the genus Cercidi- 
phyllum could not be included in Trochodendraceae or any 
other family and they suggest that it should be raised to a 
familial status of its own. This conclusion in effect lends 
Support to Brown's (1939) substitution of Cercidiphyllum in 
the place of Trochodendrotdes. A major reshuffling of 
Ceretdtphyllum areticum (Heer) Brown (Brown, 1939) was made 
by Wolfe (1966). On the basis of the nature of ultimate 
venation, which he considered to be a criterion for specific 
and supra-specific designation, Wolfe (1966) recognized five 
species in the C. arectitcum (Heer) Brown assemblage. As a 
consequence new combinations were erected (Wolfe, 1966) and 
some of the species originally listed by Brown (1939, 1962) 
under C. arcttcum were transferred variously to Cocculus 
flabella (Newberry) Wolfe, Trochodendrotdes serrulata (Ward) 
Wolfe, and Dicotylophyllum richardsont (Heer) Wolfe. It was 
also noted by Wolfe (1966, p. B 9) that his revision of 
Cerctdtphyllum “is not yet completed". 

Irrespective of the merits of the situation thus far, 
the fact remains, that none of the workers who dealt with 
the foliar morphology and variation of Ceretdtphyllum either 
exclusively (Brown, 1935, 1939) or incidentally (Lindquist, 


1954; Swamy and Bailey, 1949; Seward and Conway, 1935; 
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Wolfe, 1966; Harms, 1916; Harms, 1918) seems to have studied 
foliar variation within the genus critically, in great 
detail and on a large scale. If they did, it is not apparent 
from the information given in their publications. It should, 
however, be mentioned that Brown (1935, 1939) did point out 
in a general way the diversity of leaf form in Cercidiphyllum. 
He also showed how Cerctdiphyllum could be distinguished from 
Populus and Grewia. One of the features he took into 
consideration was the presence of acropetiolar glands in 
Populus and their absence in Ceretdiphyllum. Many details, 
however, relating to variation in gland placement on the 
Margin, marginal configuration and minor venation, were not 
treated in his article. A critical study of these and other 
characteristics thus became a necessity in view of the 
abundant well-preserved material (nearly 45% of the collect- 
ion) recovered from Genesee fossil beds. The present detail- 
ed study of the foliar morphology of the extant Cercidt- 
phyllum was undertaken to evaluate the morphological and 
anatomical range of variability in quantitative terms and 
provide a satisfactory basis for comparison with the fossil 
leaves. Where quantitative data failed to resolve a problem 
in the identification of a fossil leaf, recourse was taken 
in the diagnostic qualitative features which could not be 
reduced to quantitative terms. 

Modern Cercidiphyllum occurs as two temperate Asiatic 
species and one variety viz., C. japonicum Sieb. and Zucc., 


C. magntfieum (Nakai) Nakai (Lindquist, 1954; Ohwi, 1965), 
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56 
and C. japontcum var. stnense Rehd. and Wils. (Seward and 
Conway, 1935). Both species of Cerctidtiphyllum bear dimorphic 
shoots, long shoots and short shoots, the long shoot bearing 
polymorphic leaves. In addition, in LONG ABATED japonteum, 
sucker or sprout shoots develop adventitiously from the base 
or etne Crunk; (Personal observation at the Arnold Arboretum 
and the New York Botanic Garden). Information is lacking on 
this aspect for C. magntftcum and C. japonicum var. stnense, 
but presumably they also bear sucker shoots. While a super- 
ficial similarity could be observed between the short shoot 
leaves of C. japontcum and C. magntfteum, there is a 
considerable difference between the long shoot leaves of the 
two species. For the sake of clarity the foliar organization 
in each species is described separately below: 

Ceretdtphyllum japonteum: 

PMOTLesnOoot leaves: (pl... 9, Figs. 58 to 607, 617%°63 to 65; 
ie yt LLgs. fo, Joy Die Lz, ig, 64) « 

Petiolate; texture normally chartaceous, rarely coriaceous; 
shape variable cordate to broadly ovate; margin crenate- 
serrate, crenate, Slightly irregular in shape with 3 to 4 
crenations per cm, gland-tipped, sinuses angular or rounded; 
glands normally apical in position, but occasionally near 
the sinus. Nature of dentition variable with rounded- 
serrate teeth at the base of the leaf grading into crenate 
teeth (pl .-1¥* frig. 79). Lear tip retuseé with a gland in 
the notch (pl. 8, fig. 52). Major venation (pl. ll, fig. 


72) palmate, midrib straight up to the point of origin of 
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the first strong secondary, zig zag for the rest of its 
fength- (ples Iou0fig. 65)\.u. Three» pairs: of primary veins 
flanking the midrib basal in origin, inner primaries strong- 
est outer primaries weakest. First strong secondary veins 
from the midrib originate at a point above the maximum width 
of the leaf, opposite or alternate. Inner pair of primaries 
proximally straight, distally zig zag, divergent, ascending 
almost reaching the margin. Inner primaries join the first 
strong secondaries of the midrib forming loops. All the 
secondaries originating from the midrib above the strong 
secondaries form successive loops with each other. Weak 
secondary veins originating from midrib, below the strong 
secondary percurrent, zig zag. Basal-most outer secondary 
veins originating from inner primaries opposite or alternate; 
outer secondaries from the inner primaries forming angular 
loops with each other. Middle primaries zig zag, curve 
upward to join the first outer secondaries of the inner 
primaries forming angular loops. Outer primaries form 
angular loops with the first outer secondaries of the middle 
primaries. Outer secondaries of the middle primaries form 
angular loops with each other; outer tertiaries from the 
outer primaries form angular loops extending branches to the 
marginal glands. Each gland is normally provided with a 
single veinlet. Vein islets polygonal often irregular 
intruded by freely branching veinlets (pl. 12, fig. 84); 
veinlets terminate in one or more tracheids. 


Comment: In addition to the morphological features 
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described above, some of the leaves exhibit a marked 


bilateral asymmetry in laminar organization. 


Rend). shoot tleaves ouwt(ol tetrtifigsae 45° tdj4 9. S6r, boorples 11, 
Pon pe (6 pie Li2sneii gxr isis 

Texture chartaceous or coriaceous; petiolate; shape 
elliptic to ovate, leaf tip acute, acuminate or retuse, 
gland-tipped (pl. 8, fig. 51), leaf base cuneate, or rounded 
obtuse or truncate; leaf margin serrate or rounded serrate, 
serrate-crenate, or glandular-entire; glands normally apical 
on the teeth, sometimes in the sinuses; frequency of 
dentition 1.5 to 4.0 teeth per cm with a mean of 2 teeth per 
cm. Fundamental organization of venation resembles short 
shoot leaves; palmate, zig zag with a straight midrib, 
flanked by two pairs of primaries; the first strong second- 
aries from the midrib originate duitcitea idk well above the 
widest portion of the leaf, alternate or opposite straight 
Or curved; strong secondaries and weaker secondaries above 
them form successive loops with each other; inner pair of 
primaries ascending, straight or arcuate or sometimes 
divergent, joining with the first strong secondaries of the 
midrib to form loops; inner primaries normally basal, 
occasionally suprabasal in origin; first outer secondaries 
arising from the innermost primaries generally alternate, 
occasionally opposite; all the outer secondaries arising 
from the inner primary including the first outer secondary, 


form loops with each other; outer primaries ascending, zig 
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zag, joining and forming angular loops with the first outer 
secondary of the hears primaries; outer secondaries of the 
outer primaries, zig.zag, forming loops with each other as 
well as with the outer tertiaries of the outer secondary 
loops of the inner primary; outermost loops: near the margin 
extend branches to the marginal glands; each gland is 


provided with a single veinlet. Vein islets polygonal or 


irregular, intruded by ramified veinlets (pl. 12, fig. 82). 


euceers~shootecaveseua (ple 8) ofigss.50, 533 pl .«9,..fig.«62; 
Miele eels. 13 RtONI 6G wos pl. 12) efig. 483) 

Sucker shoot leaves show a strong similarity to long 
shoot leaves in shape, margin and organization of the 
venation; but in a number of instances their morphology is 
intermediate between short shoot and long shoot leaves. In 
size, sucker shoot leaves are larger than the long shoot 
leaves, with a wider range; shape ovate; leaf tip acute or 
acuminate, gland-tipped; margin glandular-entire, serrate, 
serrate-crenate or crenate; glands apical on teeth or in 
Sinuses. ~pl2.11., figs.w14) 26s /7S)ucwerequency.of.teeth per 
cm highly variable, with a mean of 3 teeth per cm. Leaf 
base incipient cordate or cordate; organization of venation 
similar to that described for long shoot leaves above. A 
detailed description, therefore, is not attempted here but 
for a few exceptions. In long shoot leaves the number of 
pairs of primaries is typically two, while in sucker shoots 


three pairs of primaries are common. Outer primaries are 
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60. 
the weakest. The outermost pair of primaries form loops as 
in short shoot leaves. The innermost pair of primaries are 
ascending, parallel to the midrib (pl. 9, fig. 62) or arcuate 
pl. Soltag .m50p plLocll ;sfig?s73) Gredivergéent (pr) 1} fig. 
mop 


Seedling leaves: (pl. 8, figs. 54, 55) 

Seedling leaves resemble sucker leaves in foliar 
morphology. 

Comment: Although the various types of leaves described 

above bear some common features, a few significant points 

need to be emphasized: 

1. The consistent basal origin of the inner primaries; 
constant presence of cordate base and absence of gland- 
ular-entire margin in short shoot leaves. 

2. The consistent absence of cordate base in long shoot 
leaves. 

3. The intermediate nature of sucker shoot and seedling 
leaves between long shoot and short shoot leaves with 
more features in common with long shoot leaves. 

4. A consistent correlation between the nature of the base 
and the presence of an extra pair of outer primaries, 
i.e., long shoot leaves with truncate base show only two 
pairs of primaries, while sucker shoot leaves, resembling 
long shoot leaves in all other features except the 


cordate base, show three pairs of primaries. 
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6d. 
Ceretdtphyllum magni fiecum: 
TaoeaOOt "leavyesn@ "tole 205 Tig. 672 prs DIN £4920 011 pl ; 
we, 1igs.” 854 86) 

Foliar morphology is closely similar on a qualitative 
basis to C. japontcum but for the margin, gland placement on 
the margin and the course of the inner primaries. In 
C. magntfteum the margin is deeply crenate, sometimes 
erregular, glands” always® apical™on~ teeth” (pl .°11,* fig? 81) 
and the base is deeply cordate or rarely auriculate. The 
course of the innermost pair of primaries is nearly parallel 


to the midrib, whereas in C. japontecum they are divergent. 


Boro soot teaves:+ “pit 0S* figs. 664 4605969 toy 727) pl 11, 
fegy' 80 -]pt .V125" Fig v’s7) 

Petiolate; texture chartaceous; shape elliptic or ovate; 
leaf tip generally retuse with a gland in the notch; margin 
deeply serrate, rounded serrate, crenate, dentate (pl. 10, 
fig. 71, see distal teeth to the left) or irregular, gland- 
cLpped, with’ variable frequency” of £-to"3S teeth’ per* cm; 
glands usually apical, very rarely in sinuses, sinuses 
angular (ple Tien tig. 80) 7 Lear base™ truncate’ tO” inci prent 
cordate. Venation is similar to the long shoot leaves of 

C. japonteum, in general organization, except for the number 
of pairs of primaries; primaries generally two pairs but in 
leaves with incipient cordate base three pairs are seen, 
Inner primaries are divergent or parallel. Secondary and 


tertiary looping is identical to the long shoot leaves of 
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62. 
wee gaponteum in organization. 
Comment: In C. japonteum branches bearing long shoots and 
Short shoots, show a clear cut distinction between long and 
short shoot leaves, in some features. On the other hand, in 
C. magnitfteum the distinction between long shoot leaves and 
short shoot leaves, in many cases, is not pronounced. 

Leaves of C. japonicum, irrespective of geographical 
location and age of the plant, type of leaf, i.e., whether 
long shoot, short shoot or sucker shoot leaf, show at least 
one consistent anatomical feature vis., the presence of 
highly lacunose spongy mesophyll (pl. 12, figs. 82 to 84). 
The lacunae represent intercellular spaces. This feature is 
akeO Observed an C. 1 magncyjteum (pl. 12, figs. 86, 87). The 
lacunae are visible even in uncleared leaves when viewed 
under transmitted light at a magnification as low as 6X. 

Of course, they are best seen in cleared and stained leaves. 
In cleared and stained leaves the spongy mesophyll gives the 
appearance of aerenchyma. The lacunae are regular in 
organization, usually circular in outline with variable 
diameter of 40 yp to 100 yp. A significant observation was 

the relative smaller size of the lacunae in short shoot 
leaves (pl. 12, fig. 84), with a mean diameter of 45 u, 
compared to long shoot leaves in which the mean diameter was 
80 uw (pl. 12, fig. 82). The lacunae are uniform in C. magni- 
ficum and have a mean diameter of 45 yw in both short and long 
shoot leaves. Thus, the difference in size of the lacunae 


between short and long shoot leaves in C. magniftcum is less 
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Plate 8. 


FiQGS.g 45-57 . Ceretdtphyllum japonteum Sieb. and Zucc. 

Figs. 45-49. Long, shoot Leavesig 7.0 76. 

Paria. 0's Sucker shoot leaf with suprabasal inner 
primaries indicated by the arrow. X 0.8. 

Jeers Shab Apical portion of long shoot leaf with an 
acute tip. Arrow points to gland. x 6. 

Bali: poet. Apical portion of short shoot leaf with 
retuse tip. Arrow points to gland in the 
NOeCCh.. Vote. 

PEG Ooh, Sucker shoot leaf with basal inner primaries 
indicated by the arrow. X 0.8. 

Fags .).54 55. Seedling leaves. X 0.8. 


Pig S15 Or i007 c Long shoot leaves. xX 0.8. 
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Plate 9. 


Figs. 58-65. Cerctdtphyllum japontecum Sieb. and Zucc. 
Figs: O8-61. Short shoot leaves. |X 0.9. 
Fignanoe « Sucker shoot: fea 26.0.9 


Figs. 63-65. Short. shoot: leaves... x 0:9: 
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Pilate: 


Figs. 66-71. Ceretdtphyllum magntficum (Nakai) Nakai. 


Fig. .06% Long shoot. leaf; x 0.8: 
Fig yoy. Short shoot ‘Leat.-x 0.38. 
Figs. 68-71: Long shoot leaves. Note irregular dentition. 
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Plate ll. 

Figs. J2= 19%. Ceretdtphyllum japontecum Sieb. and Zucc. 

PG meee Short shoot leaf. ip=inner primary veins; 
mp=middle primary veins; mr=midrib; op=outer 
primary veins; os=outer secondary veins; 
ss=strong secondary veins; ws=weak secondary 
veins. (Slide #49) x 1.4. 

bap Ha fey ed oi Sucker shoot leaf with glandular-entire 
margin... (Simtde F333) sxe a4:. 

FulG sn hace Portion of sucker shoot leaf margin with 
irregular gland-placement. Arrow points to 
gland. sn=sinus.- (Slide ¢°s3)) x ia" 

Ligh acho Sucker shoot leaf with glandular-entire 
margin. (Slide #135) x%" 1,4. 

Rag ee On Portion of sucker shoot leaf margin with 
transitional gland-placement. (Slide # 37) X 9. 

tMoie ts F/I) Portion of long shoot leaf with serrate 
Margin. (Slide #45) 7x39" 

PCa wor Portion of sucker shoot leaf with glandular- 
entire margin. (Slide # 42) X 1l. 

Pag. ao" Portion of short shoot leaf with transitional, 
rounded serrate to crenate, dentition. Note 
variable gland-placement. (Slide # 48) X 7. 

Pig, “OUR Ceretdtiphyllum magnifteum (Nakai) Nakai. 
Portion of long shoot leaf margin with serr- 
ate teeth and apical glands. (Slide # 61) X ll. 

Figs Sl: Ceretdiphyllum magntftcum. Portion of short 


shoot leaf margin with crenate teeth and 
apical glands. (SPide FESS) KL. 
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Plate i2. 

Figs. 82-84. Ceretdtphyllum jgapontecum Sieb. and Zucc. 

Pgh goes Portion of a cleared long shoot leaf with 
lacunose mesophyll, irregular vein islets and 
branched veinlets. (Slide # 27) X 22. 

Pigus.oo% Portion of a cleared sucker shoot leaf with 
thick, branched veinlets. (Slide # 42) X 22. 

FIG Guess Portion of a cleared short shoot leaf with 


small mesophyll lacunae. (Slide # 26) X 22. 
Figs. 85-87. Ceretdtphyllum jcnt PUGuA Need | Nakai. 
PGi woos, Portion of a cleared short shoot leaf. 
(Slide. $ 56)) Eve 
BiG eae. Portion of a cleared short shoot leaf. Note 
simple veinlets intruding vein islets. 
(Stide “#) 53) x7 sli 
Figs ssi Portion of a cleared long shoot leaf. 
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68. 
than in C. japonicum. 
Statistical analysis: 

It should be made cléar.at,the,outset.that.statistical 
analysis as applied here makes no pretense of solving taxo- 
nomic problems decisively. What it does is to give more 
credibility to taxonomic generalizations and to assist, in a 
limited way, in the identification of fossil leaves. 

The, two species of Cercetdtphyllum show a high degree of 
resemblance in foliar morphology that is noticeable in all 
aspects of the leaf, i.e., in form, major and minor venation 
and marginal configuration. To explore the possibility of 
distinguishing the two species and apply the information thus 
gained to the fossils suspected to belong to the genus 
Ceretdtphyllum, a statistical treatment was devised to assign 
limits of variation for the genus. The distinction of leaves 
as long shoot and short shoot leaves is ignored. This 
distinction though relevant in living species is meaningless 
as applied to fossils, since there is no way of ascertaining 
whether the fossils belonged to long shoots or short shoots 
or whether such a distinction existed in the remote past. 

Four hundred leaves of both species of Cerctdtphyllum 
including sixty-five cleared and stained leaves were analyzed 
with respect to major and minor venation, and the ratio of 
length to width. The leaves ee obtained from different 
plants from various geographical localities. Seven charact- 
eristics were arbitrarily chosen. These are: the angle 


between the inner primary veins, termed the primary angle; 
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69. 
the mean adaxial angle between the weak secondary veins and 
the midrib measured at the widest portion of the leaf, 
termed the weak secondary angle; the mean adaxial angle 
between the first strong secondary vein and the midrib, 
termed the strong secondary angle; the mean adaxial angle 
between the first two outer secondary veins of the inner 
primaries and the inner primaries, termed the outer secondary 
angle; ratio of length to width termed the L/W ratio; the 
mean number of vein islets per square mm measured at random 
within areas midway between the midrib and margin at the 
widest portion of the leaf, termed the vein islet number; the 
mean number of freely ending veinlets per square mm counted 
at random within areas midway between the midrib and margin 
at the widest portion of the leaf, termed the veinlet 
termination number. Vein islets and veinlet terminations 
were counted in cleared leaves. 

From the data obtained (Tables 1 to 11, appendix) and 
presented (graphs 1 to 5, appendix), the following observa- 
tions are made: 

1. That Cercidiphyllum as a genus has a wide variability in 
all the aspects considered. 

2. That the primary angle and L/W ratio are not good criteria 
for specific designation. 

3. That the weak secondary angle, the outer secondary angle 
and the strong secondary angle are of some value in 
distinguishing the two species, because of the distinct 


peaks observed. 
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TO. 
4. That with respect to vein concentration per unit area, 

expressed as vein islet number and veinlet termination 
number, a number of inferences could be drawn (Tables 9 
to 11). These are: (a) no correlation exists between the 
vein islet number and the corresponding veinlet termin- 
ation number; (b) over-all variation within the species, 
with respect to vein islet number and veinlet termination 
number as observed in C. japontcum, is not marked and is 
independent of geographical location and the type of leaf 
(Table 9); (c) sucker shoot leaves have a lower mean vein 
islet number compared to short shoot and long shoot leaves 
if geographical location is disregarded (Table 9); (d) in 
C. magntfteum the over-all mean vein islet number is 
significantly higher than in C. japontecum (Table 11); (e) 
no difference is observed in the mean veinlet termination 
number between the two species (Table 11); (f£) in C. magnt- 
ftcum, (Table 10, slide numbers 55 and 60), a relationship 
is seen between the small size of the leaf and high vein 
islet number, the probable inference being that the vein 
islet number is dependent upon the relative maturity of 
the leaf. Some of the conclusions have a direct bearing 
in the identification of fossil leaves. 

To summarise, the foliar morphology of the genus 
Ceretdtphyllum exhibits a number of features, qualitative and 
quantative, which are characterized below: 

1. Elliptic, ovate or cordate shape, the range of L/W ratio 
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2. Acute or acuminate or retuse tip invariably terminated by 


a gland, either at the tip or in the notch, when retuse. 


3. Cuneate, rounded obtuse, truncate or cordate base. 


4. Glandular-entire, serrate, crenate, rounded serrate or 


serrate-crenate margin; sinuses angular or rounded; shape 
of crenations regular or irregular; glands apical on the 
teeth or in sinuses; glands emergent or non-emergent. 

A progressive obliteration of marginal configuration as 
observed on the same leaf, starting from a crenate margin 
near the base grading into a glandular-entire margin 
distally. 

Venation zig zag, palmate with a straight or partly 
straight and partly zig zag midrib flanked by two or three 
pairs of primary veins; inner primary angle with a range 
of 40 to 105°; inner primaries strongest; primaries basal 
Or Suprabasal in origin; course of inner primaries 
divergent, arcuate or nearly parallel to midrib; first 
strong secondaries arising from the midrib, distal, 
alternate or opposite, straight or curved well above the 
widest portion of the leaf with a range of 40 to 75°; 
weak secondaries arising from the midrib showing a range 
of 40 to 90°; outer secondaries arising from inner 
primaries showing a range of 40 to 90°; secondaries of the 
midrib, outer secondaries of primaries showing angular 
marginal looping; vein islets regular or irregular 
intruded by simple to highly branched veinlets; vein 


islet number showing a range of 0.4 to 5.5; veinlet 
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q2. 
termination number showing a range of 5 to 30. 
7. Presence of highly lacunose spongy mesophyll with a range 
of 40 yw.to 100 yw, in diameter. 

It should be emphasized that none of the foregoing 
Characters when taken alone is of any diagnostic value. 
Sometimes a character may be so similar in both species that 
it loses value as a taxonomic character. For example, the 
strong secondary angle in C. japonicum and C. magnificum 
shows highest frequencies at 50° (graph 3). This means that 
this character is of no value in separating the two species. 
So one must look for other distinguishing characters. As 
applied to fossils, however, the same character (the strong 
secondary angle) is of some value in distinguishing species 
(graph 3). 

A similar statistical treatment was given to 435 fossil 
leaves which were tentatively assigned to Cercidtiphyllum, 
based on qualitative features. The analysis was done with a 
two-fold purpose. First to give precision in describing the 
species and second to compare and evaluate the characters 
against those of the living species. On the basis of the 
totality of characters, qualitative as well as quantitative, 
the assemblage of fossils falls into three species under the 
genus Cercidiphyllum, viz., C. genesevianum sp. nov., C. 
flexuosum (Hollick) n. comb., C. cuneatum (Newberry) n. comb.. 
In spite of the excellent preservation no recognizable 
cuticular remains could be recovered. Some of the compress- 


ions show brownish areas, which after maceration failed to 
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2. 
reveal any structural detail. A common but unique feature 
observed in all well-preserved specimens are circular 
bacunae ewhich,occur in jpatches (pl. 137 >figs.:90,.92;-pl. 16, 
pegoarll 6 hel brycpleilsn, $hiq.. £121 2 oplai wk? ppfkgeal29+ phe 22, 
Pegeilolnepis 23% figieelh6 1 tolne24 pisig enh66: pl. 22Spefigs. 
iene hi2: Pld 2onnfigdel 14: spl.. 927 {afigs.1184 n+l 82ncok. 128, 
figs. 193, 194; pl. 929, fig.:197).. The-lacunae are easily 
observed even under low magnification. In size, the 
lacunae show a wide range of variation. Based on fifty 
random measurements in ten specimens the lacunae show a mean 
diameter of 75 u. A comparison of the lacunae with the 
intercellular spaces in the spongy mesophyll tissue, already 
described, in cleared leaves of Ceretdtphyllum (compare pl. 
12, fig. 82 and pl. 16, fig. 117) showed a remarkable morpho- 
logical similarity. Epidermal cells in the extant species of 
Cercetdtphyllum are roughly square to rectangular in shape, 
small in size, having wavy cell walls. These cells are in no 
way comparable to the lacunae found in the fossils, thus 
eliminating the possibility that the lacunae might represent 
the intracellular spaces of epidermal cells. Further, it has 
been observed in transverse sections of a number of thin 
leaves of Cercidtphyllum japonicum Sieb. and Zucc., that the 
palisade mesophyll tissue is poorly developed consisting of 
short, thin-walled, small cells with a mean diameter of 10 u 
and having small intercellular spaces. Intracellular spaces 
of epidermal as well as palisade cells and intercellular 


Spaces in the palisade tissue are too small to be comparable 
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74. 
with the lacunae observed in the fossils, thus eliminating 
the possibility that the lacunae might be the remains of 
either epidermal or palisade tissue. These observations 
support the conclusion that the lacunae observed in the 
fossil leaves are indeed intercellular spaces of spongy 
mesophyll and cannot be intra- or intercellular spaces in 
other tissues of the leaf. For descriptive purposes the 
lacunae, observed in the fossils, are termed mesophyll- 
configurations. Similar mesophyll-configurations, smaller in 
size, were also observed in a few specimens of Platanus 
raynoldstt Newberry and one specimen of Ampelopsts acerifoltia 
(Newberry) Brown. Taken in conjunction with other character- 
istics the patterns of mesophyll-configurations were found to 
be valuable as an additional aid in identification. 

The term 'glands' in the descriptions to follow is used 
in a descriptive sense. These structures are in fact carbon- 
ized dark masses occupying an analogous position in compar- 


ison with the living counterparts. 


Cercidtphyllum genesevitanum sp. nov. 
MPiend3yy figsia S8witenIbeepls Ldgofigsie96ar99-tOnd06y54pl, Lo, 
Pees 107atoatia plaslés figs. idd2-tovidijyi ps -4274 figs~ 
Piesto d2lenpleiadS,efigsse A22¢teo 225; ple 19er£igsxee126: to 
131), (Tables 12 to 14 append., graphs 1 to 5) 
Diagnosis: Texture chartaceous, very rarely coriaceous; 
petiolate; shape, narrow ovate, ovate, very wide ovate, with 


a mean L/W ratio of 1.4 and a range of 1.0 to 2.0; leaf tip 
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15% 
acute, acuminate, attenuate, gland-tipped; margin glandular- 
entire, serrate, rounded serrate, serrate-crenate, finely 
crenate, with a mean of 3 teeth per cm, and a ranqe of? 2° to 
6 per cm; Sinuses angular, rounded; gland placement on the 
margin, apical on the teeth, in sinuses or apical grading 
into a sinus position on the same leaf; glands prominent, 
emergent, non-emergent; base rounded obtuse, truncate or 
cordate; major venation palmate, zig zag, midrib straight, 
flanked by 2 or 3 pairs of primaries, inner primaries strong- 
est, basal or suprabasal in origin, proximally straight up to 
the origin of the first outer secondary, ascending, parallel 
with the midrib or arcuate at the widest portion of the 
lamina, curving towards the midrib distally, above the widest 
portion of the lamina with a mean primary angle of 68° and a 
range of 45 to 105°; first strong secondaries arising from 
the midrib, distal, conspicuous or inconspicuous well above 
the widest portion of lamina, opposite or alternate; super- 
adjacent secondaries originating from midrib above the strong 
secondaries, camptodromous forming successive loops with each 
other as well as with the strong secondaries; mean strong 
secondary angle, when strong secondaries are conspicuous, is 
61° with a range of 45 to 75°; inner primaries Join @flrst 
Strong secondaries of the midrib when the latter are 
conspicuous forming angular loops; weak secondaries subjacent 
to the strong secondaries, arising from the midrib, with a 
mean weak secondary angle of 73° and a range of 55 to 90°; 


basal-most outer secondaries arising from inner primaries, 
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Facer 
alternate, Zig zag, craspedo-camptodrome, with a mean outer 
secondary angle of 70° and a range of 45 to 90°. Outer 
secondaries of inner primaries forming angular loops with 
each other; middle primaries, where 3 pairs of primaries 
present, basal, zig zag, craspedo-camptodrome joining the 
basal-most outer secondaries of the inner primaries, forming 
angular loops; outer-most primaries, weakest, basal, zig zag, 
craspedo-camptodrome joing the basal-most outer secondaries 
of the middle primaries when 3 pairs of primaries present, or 
inner primaries when 2 pairs of primaries present, forming 
loops; outer branches of secondary loops, forming successive 
loops with each other, whose outer branches in turn form 
loops with each other, resulting in tertiary and quarternary 
angular loops; vein islets polygonal, regular or irregular, 
intruded by simple or branched veinlets; veinlets of varying 
thickness; vein islet number with a mean of 1.8 and a range 
of 0.7 to 6.5; veinlet termination number with a mean of 6 
and a range of 4 to 10; a single veinlet from a marginal loop 
enters a marginal tooth terminating at the base of a gland; 
mesophyll-configurations show a mean diameter of 75 UL. 
Comment: The species shows a wide range in every aspect. 

Not all specimens exhibit every feature described above. Out 
of a total of 120 specimens (Table 14) including recognizable 
fragments, 71 specimens (Table 12) were selected for analysis. 
Thirty-nine specimens showed good preservation of minor 

venation (Table 13). Ultimate veinlets which intrude vein 


islets could not be observed in a number of specimens (Table 
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13) in areas selected for counting. They were, however, 
observed in other areas of the lamina. The smallest leaf 
(pl. 13, fig. 94) was of 120 sq mm, with a length of 18 mm 
and a width of 10 mm. The largest was of 6020 sq mm with a 
length of 105 mm and a width of 86 mm (specimen number S 81l 
from Genesee, Alberta). Margin shows a high degree of 
VaELation “(pl 2.14, cigs. 999 *to LOG) s 2The*glands “are 
prominent. (pl. 14,°figs: 99 to 102; °104 to 106) when they are 
Situated in the sinuses or near the sinuses and not so 
prominent when they are apically situated on the serrations 
(pl. 14, fig. 103). A similar range of variation is observed 
in marginal dentition in Ceretdiphyllum japonteum (compare 
Meek ,efaeps 7 with pls tly .fig Sloan. ycompare ‘also: pl. 14; 
moo weo®, bwotiiapl Seka Figs? 99) toSlLOP A505, WOOO The margin 
may be serrate in the lower part of the leaf, grading into a 
glandular-entire or entire margin distally (pl. 16, fig. 112). 
A number of leaves bear a close resemblance to the leaves of 
modern Ceretdtphyllum japontcum in a number of features. For 
evanpke Sisone. lreaves!*(plensetfig. BOS Sipl S19 fig’. 126, 
131) show similarity to seedling leaves (compare pl. 19, fig. 
7G, anid) 13) with, pl. 8 chigs.2'54 Arand 55)*; others *resembte 
Pong shoot-ticavesi (compare pls efigs/88)) 93" pl, Lo rstig’. 
114 with pl. 8, figs. 45, 47) and a few are comparable to the 
sucker shoot leaves (compare pl. 19, fig. 127 with pl. 8, 
Bey s0eticompareitalso Pl. Wo") fig 1130" with pL. o,“ftige2)~ 
An additional feature that is common to C. genesevtanum and 


C. japontcum is the suprabasal origin of the inner primary 
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78. 
Se -eheakcomparenpl wild, tiguadl6sepl. 19.,..fig. 131s pl..15, 


Getic LOpwithiplerSyefigu. 455 S502 pl.i11;.fig...75),... The 
assemblage included in C. genesevianum could be broadly 
separated into two groups, one with a serrate margin ADule 57, 
Pagetidte, plicl6, figs..114,.115).and.the,other,with. a. finely 
erenate;margin (pleanl3yefigu.Ily.933np1i,19, figp~t272), in 
Spite of the similarity of the major and minor venation. But 
there are specimens, where both serrate and crenate margins 
eare-seen,on,the.same leaf (pl..14,..figs..96;.arrows.to the 
right indicate the serrate condition and arrow to the left 
indicates the crenate condition). It has already been noted 
that C. genesevtanum bears a close resemblance to the long 
shoot leaves of C. japonicum. The only significant difference 
between the two seems to be in the veinlet termination number. 
The mean veinlet termination number in C. genesevtanum is 6, 
while the mean veinlet termination number in long and sucker 
shoot leaves is 15. In terms of morphology, this illustrates 
the greater degree of branching of the freely ending veinlets 
in the extant species compared to the sparse branching in the 
feeeidy species, (Plend3enfigds 906 ple 165,-figs..id16, diy. pl- 
je 0 Or 124 24 Ding L95y figs.o 128i. 129) ane Tltashouldsbe noted, 
however, that this is not a very decisive character, because 
a number of short shoot leaves of C. japnoicum (pl. 12, fig. 
84) do show a sparse branching and consequently a low veinlet 
termination number. The similarity of the ultimate venation 
in C. genesevianum and C. japonicum, was tested on a 


quantitative basis by a "t-test" on the vein islet number 
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42. 
between the long shoot leaves of C. japonicum and C. genesev- 
tanum. The difference in the mean vein islet number between 
the two species was found to be insignificant at 5% level 
(Table 15, append.). Veinlets intruding vein islets are 
sometimes thicker at the base thinning out proximally as 
wispy strands, a feature also observed in C. japonicum. 

Leaf variants of C. genesevianum bear a superficial 
resemblance to some of the modern species of Smilax and 
Tetracentron stnense Oliv. in general form and venation. 
Living species of Smilax like S. lastoneura Hook., S. 
bracteata (Presl)., S.. stenopetala, S.. amaurophlebia Merr., 
Pear 2anens2s Hay... 225. .ent a Uinn ., Sa—feros Wall ..,.S. 
Gnapra.,ROxd.s >), Sc PLAUCOChINGw.»-Si.. Lancegefolia, Roxb., +S: 
hypoglauca, Benth., S. mtecrophylla Wright., S. mentspermoidea 
D.C., etc., have an entire margin and on this basis alone can 
be eliminated as possible correlatives of the variants of 
C. genesevtanum. Some species of Smilax like S. scobint- 
caulis Wright and S. steboldit Miq. show a spinous margin. 
These spines are minute, irregularly distributed out-growths 
from the margin. The spines are not vascularized. This 
condition is in no way comparable to the regular dentition in 
C. genesevianum. The foregoing information on Smilax was 
gathered from a study of herbarium material at the Arnold 
Arboretum. 

Leaves of Tetracentron stnense possess palmate venation, 
serrate margins with glandular tips and acuminate apices. 


Some of the variants of C. genesevtanum have apices that are 
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80. 
acuminate™to* long attenuate (pl. 13)*figs 91>*pls°189 "fig. 
123), a feature which is not observed in Ceretdiphyllum. One 
of the variants also shows a serrate margin (pl. 18, fig. 
125) similar to Tetracentron. These are exceptional cases 
and taken in conjunction with other characters they fall 
within Ceretdiphyllum and form an integral part of the 
spectrum of variation found in C. genesevtanum. 

At this point some of the foliar features of Tetracentron 
need to be elaborated. Fifty leaves from various herbarium 
sheets from the Arnold Arboretum, were statistically analyzed. 
The study revealed that Tetracentron exhibits consistent 
features such as a serrate margin, a narrow mean inner 
primary angle of 30°, mean strong secondary angle of 35° and 
a mean outer secondary angle of 40°. Vein islets were 
observed to be regular intruded by once or twice branched 
veinlets. These features set it apart from Ceretdtphyllum. 
tt was observed by’ Smith ’(1945,~p.° 139) that, "fetracentron 
Sitnense is a very stable species..... The available 
specimens are remarkable for their lack of variation, even 
the dimensions foliar and floral parts being unusually 
consistent". Morphological variation in leaf form is less 
extensive in Tetracentron. The range of variability of the 
leaves of Tetracentron does not overlap the dimorphic foliage 
of Cercidtphyllum japontcum (Bailey and Nast, 1945). 

A search through the vast literature failed to reveal 
any species that would meet all the characteristics of 


C. genesevtanum. Fossil species like Grewta crenata (Ung.) 
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Bilis 
peer (Ward, 1387, p.. 85, pl. 39, “fig. 1), Palturus pealet 
aro Ward, 1887, p. JGje0r.. 33, figs. 12 to 14), Palturus 
puvcnerrimue Ward (Berry, 1935, p./47, pl. 11,. figs. 5 to, 8, 
omit synonymy), Zizyphus serrulatus Ward (Ward, 1887, p. 73, 
pl. 33, £19. 3), Troechodendrotdes speciosa (Ward) Berry 
erty 50,8. 22 ea oy, LAG se Ss nomlt synonymy) ,;. Cercidt-— 
phyllum arecttcum (Heer) Brown (Brown, 1939, p. 492, pl. 53, 
mo wee ls 4 eee li, oo pl. SO pe teade. 12) omit synonymy) , 
Ceretditphyllum arecttcum (Heer) Brown (Koch, 1963, p. 47, pl. 
Ho, tig. 2) and Cerctdtphylium elongatum Brown (Becker, 1960, 
p. 106, pl. 29, fig. 4), bear resemblance to some of the 
variants of Cerctdtphyllum genesevtanum in general form, 
marginal configuration, and major venation. The leaf 
variants grouped under C. genesevtanum, are remarkable for 
their preservation and their close similarity to the long 
shoot and sucker shoot leaves of modern C. japontcum. Hence, 
it is felt that this group of fossils deserves a new specific 
status instead of being thrown into a species erected on a 
poorly preserved fragment lacking diagnostic characteristics. 
The specific epithet is given in honour of the fossil 
tocality., “Specimen number S 947 (pl. 13, fig. 89) is 
designated the holotype. All other figured specimens are 
paratypes. 

(Figured specimens bearing numbers, S 307, S 947, S 2849, 
peets96 (A), S 1305, S 1316, S 1346,-S 883 (A) ,.S°1586 (A), 
6.340, S 1034, S 229, S 1064, S 997, -S 229, S 268, S 300, 


Pets), S 938 (B), S 1021, Sy408, S 1597, S: 1327, S 2850, 
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Plate 13. 
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Cerctdtphyllum genesevtanum sp. nov.. Fig. 88 
(S307), X.2.2. Bite Guo A ee ae 
Enlarged portion of fig. 89. .Note mesophyiit-— 
cContagurations.. xa: 

(SaZ 349) 4x 0.9% 

Enlarged portion of fig. 9 with detarieia. 
venatLlon. doce 

(S596 (A))) xis 

(S.213015)) 0h 3k 


Acuminate. ‘tip of leaf 2netig gt ex eo 


(Collected from Genesee, Alberta). 
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Plate 14. 

(pales poe SEN OC, Cercidtphyllum genesevianum sp. nov.. Note 
suprabasal inner primary veins and variation 
in dentition indicated by arrows. (s L316) 
x 2 

Figs 759 0. Ceretdtphyllum japonteum Sieb..and Zucc.. 


Portions of sucker shoot leaf margins for 
comparison with figs. 99-106. (Slides # 42 
and # 32 respectively). xX 10. 

Figs. 99-106. Cercidiphyllum genesevtanum sp. nov.. 
Portions of leaf margins showing variation in 
dentition and gland-placement. 

Wain a. Transitional gland-placement. sn=sinus. 


(S- 1346)) he”. 


Rig. 100". (S 883 "(A)Daee 10; 

Fag (bl. (S 1586 (A)ja x 20. 

Pigp wor: Note emergent glands. (S 340) X 10. 
Fug. LOB Serrate margin with non-emergent glands. 


(SH LOS a) kal O-. 
Fig. i047 Glandular-entire margin. Note glands 
indiated by arrows. (S 229) X 10. 
Fig uL0Se (se0e4) x Wor 


jie le Se Aw Oa sn=sinus. (S 997) X 10. 


(Specimens shown in fig. 96 and figs. 99-106 


were collected from Genesee, Alberta). 
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Plate 15. 

Figs. 107-111. Cerctdiphyllum genesevtanum sp. nov.. 
Fig. 
Eig. 
FLGe 
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Fig: 
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variation in leaf shape and venation. 


(SUS Com GA)) Xx diez 

CSrnGiG see xX. <2 5% 

(S35 9eB)>) X 2a 

Note suprabasal inner primary veins. 
(Crea Gam Xor2 2h. 


CSm9:8 7; (A)) (XxX Taae 


(Collected from Genesee, Alberta). 
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Race 


.. L12-117. Ceretdtphyllum genesevianum sp. nov.. 
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delay ae 


(SLO oy axe LoS 

Enlarged portion of specimen in fig. 114 with 
details of venation.) .(S 1034) Away. 

(ohos4)) x 1.4% 

(SP2e 250 5X Lae: 

Enlarged portion of specimen in fig. 114 with 
mesophyll-configurations. xX 22. 

Magnified portion of specimen in fig. 115 
with mesophyll-configurations and minor 


venation. <X 22% 


(Collected from Genesee, Alberta). 
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Plate 17. 


Figs. 118-121. Cerctdtphyllum genesevtanum sp. nov.. 


Bagi ke (S VES S.GmCA)) xX Ts 

FiG., bor (SP28 a0) xl. 

Figs vuzZ0r (Saz28a2)0x 1. 

Fig. 2a, Enlarged portion of specimen in fig. 120 with 


mesophyll-configurations. X 25. 


(Collected from Genesee, Alberta). 
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Plate. 18. 


Figs. 122-125. 


Fiigwaet2 2a 
Fig w7e2 3" 
Fig. (24). 


FPiges 25. 


Cercidiphyllum genesevianum sp. nov.. 

(Sa2 29 a2. 4. 

Note acuminate leaf tip. (S 268) X 1.4. 
(ames OO) aexel «3. 


Note serrate leaf margin. (S 3154) X 1.8. 


(Collected from Genesee, Alberta). 


PLATE 18 


f 
ogee? 

ar OF 
j 


= 


¥ 
£ 


88. 


Plate 19. 


Figs. 126-131. Ceretdiphyllum genesevitanum sp. nov.. 


Fig: 226. Note finely crenate leaf margin. (S 938 (B)) 
rare Lie 

Pig ung: Pomuoody X51, 1, 

Piguacu2se Enlarged portion of specimen in fig. 118 (pl. 


17) showing branched veinlets intruding vein 
islets: (S 1586Q(i xr 

Piggeel2oe Enlaraed portion of a specimen, Similar to 
the one in fia. 127, with mesophyll- 
configurations. ~(S940e))% 21. 

Fiagis coy. Variant with a cordate base. | (5S 1597) @tez. 

Pig ae sles Variant with suprabasal inner primary veins 
and conspicuous emergent glands on glandular- 


entire leaf margin® "9 (S-5327) 3.6: 


(Collected from Genesee, Alberta). 
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89. 
pene meSml 035) S82825% 841586) LA) aSwl064,+,84358),(B),; oSe1046 
and S 987 (A) were collected from Genesee, Alberta and 
deposited in the paleobotanical collection, University of 


Alberta). 


Cercetdtphyllum flexuosum (Hollick) n. comb. 


power tics: 132 to is7;ipl. 2letas..198!to.143; pl. 22, 


figs. 144 to 152), (Tables 16 to 18 append., graphs 1 to 5) 


ropuinerfiexuoearHoliick ,41986, PpraGiqapded33y figr«2s 
Emended diagnosis: Texture chartaceous; petiolate; shape 
rhomboid, ovate or deltoid with a mean L/W ratio of 1.0 and 
a range of 0.7 to 1.7; leaf tip acute, rarely retuse, gland- 
tipped; margin rounded-serrate, crenate, dentate, rounded 
dentate with a mean of 3 teeth per cm and a range of 1 to 5 
per cm, Sinuses angular or rounded; gland placement on the 
margin, apical on the teeth nearer to the superadjacent 
sinus; glands generally inconspicuous, non-emergent but 
rarely conspicuous, emergent; base acute, obtuse, cuneate, 
truncate or incipient cordate; major venation palmate, 
strongly zig zag, midrib zig zag or straight flanked by 2 or 
3 pairs of primaries, inner primaries strongest, basal in 
origin, zig zag, proximally straight up to the origin of the 
first outer secondary, ascending, divergent exceptionallv 
parallel to midrib, diverging away from midrib above the 
widest portion of lamina, with a mean primary angle of 70° 


and a range of 45 to 100°; first strong secondaries arising 
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GOR 
from the midrib, distal, conspicuous well above the widest 
portion of the lamina, opposite or alternate, straight or 
curved; superadjacent secondaries originating from midrib 
above the strong secondaries craspedo-camptodrome, Ziq zag 
forming irregular loops with each other as well as with the 
strong secondaries; mean strong secondary angle is 56° with 
a range of 40° to 65°; inner primaries join first strong 
secondaries of the midrib forming angular loops; weak 
secondaries subjacent to the strong secondaries arising from 
the midrib, zig zag with a mean weak secondary angle of 59° 
with a range of 50 to 75°; basal-most outer secondaries 
arising from inner primaries, alternate, percurrent, ziaq zaq 
craspedo-camptodrome, with a mean outer secondary angle of 
62° and a range of 50 to 75°; outer secondaries of inner 
primaries forming angular, irregular series of loops with 
each other; middle primaries, when three pairs of primaries 
present, basal, zig zag, craspedo-camptodrome, joining the 
basal-most outer secondaries of the inner primaries forming 
irregular angular loops; outer primaries weakest, basal, 
zig zag, craspedo-camptodrome joining the basal-most outer 
secondaries of the middle primaries, when 3 pairs of 
primaries present or inner primaries when only 2 pairs of 
primaries present, forming irregular angular loops; outer 
branches of secondary loops forming a succession of loops 
with each other whose outer branches in turn form loops 
with each other resulting in angular irreqular tertiary and 


quarternary loops; vein islets, polygonal, intruded by 
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2 
simple or branched veinlets; veinlet is generally of equal 
thickness throughout its length; vein islet number with a 
mean of 7 and a range of 2 to 12; veinlet termination number 
with a mean of 9 and a range of 3 to 22; a single vein from 
a marginal loop enters a marginal tooth terminating at the 
base of a gland; mesophyll-configurations, small with a mean 
diameter of 40 u. 

Comment: The species exhibits a wide range in its foliar 
morphology. Out of a total of 150 specimens (Table 18) 
including recognizable fragments, 74 specimens were selected 
for analysis. Fifty-one specimens showed excellent preserv- 
ation of minor venation (Table 17). In size, the smallest 
leaf (pl. 20, fig. 136) was 19 mm long and 12 mm wide with 
an approximate area of 152 sq mm and the largest leaf was 

102 mm long and 110 mm wide with an approximate area of 

7480 sq mm (specimen number S 919 (B) from Genesee, Alberta). 
Margin does not exhibit a high degree of variation. The 
glands, in general, are not conspicuous and appear to be 
degenerate (pl. 21, fig. 143, arrows). A few leaves show 
prominent, emergent glands (pl. 21, figs. 139 and 140, 
arrows). The glands have never been observed in the sinuses. 
A similar condition has been observed in most of the short 
shoot leaves of Cercidiphyllum magntficum (pl. 11, fig. 81). 
Variants of Cercetdiphyllum flexuosum broadly fall in two 
categories, vizg., those with a rhomboid form (pl. 20, fig. 
132) with a cuneate base, and those with a broad ovate form 


with a truncate or incipient cordate base (pl. 20, figs. 133 
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o2. 
Peeioo 7.0) .s 21, 019s. .138 2141); butenco absolute separation 
is possible because of their similar venation pattern. Table 
£6 ,.reveals, an interesting fact, viz.,.no.ovate form with.a 
truncate base (base 180°) with an area less than 2000 sq mm 
was ever found in the collection, while the rhomboid forms 
with varying degrees of obtuseness of the leaf base (see 
Table 16) show a more uniform range starting from a very 
small leaf with an area of 152 sq mm. A possible inter- 
pretation is that the species possessed dimorphic foliage, 
one with a rhomboid form and another with an ovate form and 
Beaty some,of the. small rhomboid forms {pl.. 20. fig. 136).may 
represent immature stages of the ovate forms with a truncate 
Or incipient cordate base. If this is true, then C. flexuo- 
sum represents a species whose leaves had a different growth 
pattern from the short shoot leaves of the modern C. japoni- 
cum. The ovate and broadly ovate forms with a truncate or 
incipient cordate base, resemble in over-all form and 
venation, the short shoot leaves of modern Cercidtphyllum 
moapon? cig. compare pl, 20,.¢figs..133 and 135, pl.,22,. fig, 
a5 with pl. 11, fig. 72)... The difference between the two 
species lies in the relative vein concentration per unit 
area. C. flexuosum has a denser concentration with a mean 
vein islet number of 7 as compared to 0.8 in C. japonicum. 
To put it in a different way, short shoot leaves of C. japon- 
teum show larger vein islets compared to C. flexuosum. The 
veinlets intruding vein islets are of equal strength in C. 


Flezuceum.... This condition, 1s..seen in a few sucker shoot 
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93% 
Eeavesdinacargaponteumeafcomparesple 20, *fig.°137, and<plya2, 
fig. 83). A consistent feature common to both the species 
is the basal origin of the inner primaries. The mesophyll- 
configurations are small in C. flexuosum. They are not 
commonly observed in fossils from Genesee, Alberta, but are 
readily observed in specimens collected from Red Deer, 
Alberta (pl. 22, fig. 151 and specimen no. S 1975, paleo- 
botanical collection, University of Alberta). In the short 
shoot leaves of Ceretdtphyllum japonteum and leaves of C. 
magntftcum, the mesophyll lacunae are small in size. Among 
other living plants leaves of species of Populus especially 
P, tremula Linn., a Chinese species similar to the North 
American P. tremulotdes, P. tremula var. davidtana Schneider 
and P. steboldtt Miq., a Japanese species, show a super- 
ficial similarity to the leaves of C. flexuosum in form and 
venation. But there are marked features of distinction 
between Cerctdtphyllum and Populus. Species of Populus as a 
rule are pinnate in venation except for a few like P. tremula 
and P. steboldti where a pinnate-palmate or palmate condition 
is seen. In such cases, the Huntidls, Satie of primaries flank- 
ing the midrib is generally one and very rarely two. In 
addition the leaves possess a pair of conspicuous acro- 
petiolar glands, which are not observed in Ceretdtphyllum. 
Moreover, the vein concentration per unit area is very high 
in species of Populus. This is specifically illustrated in 
P. tremulotdes (Table 19) which shows a mean vein islet 


number of 10 and a mean veinlet termination number of 39. 
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oa". 
These data are in no way comparable to that of C. flexuosum 
with a mean vein islet number of 7 and a mean veinlet 
termination number of 9. The data on P. tremulotdes (Table 
19) were obtained from leaves collected at random from a 
plant growing near the University of Alberta campus. It 
should also be recorded here that the acropetiolar glands 
are deciduous in ordinary leaves of Populus tremulotdes but 
they were observed to be persistent in sprout leaves. Since 
the leaf variants of C. flexuosum resemble superficially the 
sprout leaves of Populus tremulotdes, one should in a large 
enough sample expect at least a few specimens showing acro- 
petiolar glands. But not a single fossil was found showing 
this structure. 

A number of doubtful fossil species like Populus 
Cevevr in Newberry (Hollack,, 1936, Pass, pi. 26, tig, 5), 
mopulue. Lattor Alex, Braun, (HoOllick, I936,7p...64, pl. 26, 
figs. 1 and 2)\; Populus glandulifera Heer (Ward, 1887, p.. 19, 
pi, 45 figs 2), Populus speetosa Ward (Ward, 1887), p. 207 
pl. 5, fig. 6 and 7), Trochodendrotdes genetrix (Newberry) 
Brown (Brown, 1935, p. 577, pl. 68, fig. 4), Trochodendrotdes 
pvcttca (Heer) (Bell, 1949, pa 56, pls 45, fig. 1; omit 
synonymy), and Cercidiphyllum arctitcum (Heer) Brown (Brown, 
P62, p. 70, pl. 38, fig. 10} omit synonymy) fall within the 
circumscription of Ceretdtphyllum flexuosum (Hollick) with 
respect to certain features, judging from published descrip- 
tions and illustrations. It is doubtful whether the species 


listed above meet all the specific requirements of 
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Plate 20. 


Figs. 132-137. Cerctdtphyllum flexuosum (Hollick) n. comb.. 


Figs sleZe CS, HOG92) CA)! ) 1X seas 

Fa gs 133: (Si 2855)) +X, 0.8. 

Fig. 34. (S>S44° (B)) X lige 

Fig rus or (Se2846)°X 0.8. 

Figietl3o:. (Se O0 GyPeX3 322 

Pigg isd. Enlarged portion of specimen in fig. 135 


showing minor venation. (S 2846) X 10. 


(Collected from Genesee, Alberta). 
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Plate 21. 


Figs. 138-143. Ceretdtphytlum flexuosum (Hollick) n. comb, 

Pigs ison Variant with incipient cordate base. (S 1584) 
nO es 

Fig. 139,140. Magnified portions of leaf margin with 
emergent glands indicated by arrows. 
gli=glands. (S 1059) x 9. 

Fig. 141. (send 5). XxX Lois 

Pages AZ: Enlarged portion of specimen with vein 
islets of -variable size. (S-8858)°:xX ll. 

PiGne 4s. Enlarged portion of leaf margin with 
degenerate glands indicated by arrows. 


(3S; 320). 2X.9:: 


(Collected from Genesee, Alberta). 
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Plate 22. 


Figs. 144-152. Cercidtphyllum flexuosum (Hollick) n. comb. 


Fig. 144. (S) d7aSe.(A):) X 0582 

Pag sas: (S 740) xX 0.8. 

Big. BEA. (Sau/oovees 0.8: 

Fig. 147... (Saee7e0): x 0.8% 

Fig. 148. (Ses74  (B)) xX OleF 

Pig. -249* (ome 29) 7X 0-8: 

Fuge. eb50:. Arrow indicates the area where mesophyll- 


configurations are preserved. (S 683) X 0.8. 
Baioig) doi Magnified area, indicated by arrow in fig. 
150, with mesophyll-configurations. X 6. 


Fig). 52). (S745 Ae 0 nee 


(Collected from Red Deer, Alberta). 
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Ceretdtphyllum flexuosum (Hollick). Hence they are not 


synonymized. 

(Figured specimens bearing numbers S 1039 (A), S 2855, 
Peto tB) wo 2846,.S,.908, S.1584,.5.1584.,.5.1059, S.1015, 
S 885 and S 310 were collected from Genesee, Alberta; 
Beto oe th). SAO. 5 58. S_ 1780 ,.S 1974. 1B) ,.Se 729i, S083 
and S 1745 were collected from Red Deer, Alberta, and 
deposited in the paleobotanical collection, University of 


Alberta). 


Cerctdtphyllum cuneatum (Newberry) n. comb. 


meee 5). 2 EGS. Ls, Los, 156 tO Lo2Zs pL. 24, 2£10S., 163: to 
Mew 29, Tags. Loo to £72; pln26, tags. L173 to Lei; 
Mc rigs. Loe tO Logs pl. 26, 00S stot O, £94 pl, 29; 
Moen wtoS co 2OUs Dl. 30, £ids. 201 oto. Z047epl. 31, figs. 


Zuo co 209) (Tables’20°to 22 append., graphs I to 5). 


Populus cuneata Newberry (Newberry, 1898, p. 41) 

Emended diagnosis: Texture chartaceous, coriaceous; 
petiolate; shape ovate, very wide ovate with a mean L/W 
Patio, ofel.2 and.w.a range of.0.7,to,2.2; leaf tip acute;or 
retuse, gland-tipped; margin entire, lobed, wavy, very wide 
serrate, rounded serrate, coarsely crenate, rounded 
irregular dentate; teeth small, large, frequency irregular 
with a mean of 1.5 per cm and a range of 0.5 to 3.0 per cm, 
sinuses angular, rounded, deeply rounded; gland placement on 


the margin, apical nearer to the superadjacent sinus, very 
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99°. 
rarely in sinuses; glands, non-emergent, emergent; base 
rarely decurrent, cuneate, acute, obtuse truncate, incipient 
cordate; major venation palmate, zig zag; midrib part zig 
zag and part straight, zig zag, flanked by 2 or 3 pairs of 
primaries, inner primaries strongest smooth or zig zag, basal, 
very rarely suprabasal in origin, proximally straight up to 
the origin of the first outer secondary, ascending with a 
mean primary angle of 58° and a range of 40 to 90°, parallel 
tolmidnib orrarcuate, curving “up\towards midrib*distally "or 
rarely divergent distally, to join the strong secondaries 
arising from the midrib; first strong secondaries arising 
from the midrib, distal, straight, conspicuous or inconspic- 
uous, well above the widest portion of the lamina, opposite 
or alternate, with a mean strong secondary angle of 54° and 
range of 40 to 65°; superadjacent secondaries arising from 
midrib above the strong secondaries, zig zag forming angular 
loops with each other as well as with the strong secondaries; 
weak secondaries subjacent to the strong secondaries arising 
from the midrib, zig zag with a mean weak secondary angle of 
56° and a range of 45 to 75°; basal-most outer secondaries 
arising from inner primaries, alternate, zig zag, rarely 
sinuous craspedo-camptodrome, with a mean outer secondary 
angle of 52° and a range of 40 to 65°; outer secondaries of 
inner primaries forming angular loops with each other; 
middle primaries, when three pairs of primaries present, 
basal, zig zag, craspedo-camptodrome, joining the basal-most 


outer secondaries of the inner primaries forming angular 
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100. 
loops; outer primaries weakest, basal, zig zag, craspedo- 
camptodrome joining the basal-most outer secondaries of the 
middle primaries, when 3 pairs of primaries present, or 
inner primaries when only 2 pairs of primaries present, 
forming angular loops; outer branches of secondary loops 
forming angular loops with each other, whose outer branches 
in turn form a series of loops with each other, resulting 
in angular tertiary and quarternary loops; vein islets, 
polygonal, irregular, intruded by simple or branched veinlets; 
veinlet is of variable thickness; vein islet number with a 
mean of 1.9 and a range of 0.8 to 4; veinlet termination 
number with a mean of 5 and a range of 4 to 8; a single 
veinlet from a marginal loop enters a marginal tooth 
terminating at the base of a gland; mesophyll-configurations, 
large with a mean diameter of 70 u. 

Comment: Cercidtphyllum cuneatum (Newberry) constitutes a 
diverse assemblage of variants. From a total of 165 
specimens including recognizable fragments, 92 specimens 
were analyzed. The smallest specimen was 22 mm long and 19 
mm wide with an area of 278 sq mm; the largest specimen was 
93 mm long and 102 mm wide with an area of 6324 sq mm. Some 
of the extreme variants are so unlike in over-all morphology 
that one could easily mistake them for different species in 
a small sample. Fortunately there are intermediate forms 
which link up the variants into a continuous spectrum. 

After many trials and combinations it was found impossible 


to segregate the group into discrete recognizable categories 
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10d. 
and hence all the variants were lumped into a single species. 
The specific range in some cases, exceeds the limits of the 
genus as presently defined (Siebold and Zuccarini, 1846). 
The most striking and patent variability is seen in the leaf 
margin. The assemblage could be broadly divided into two 
Be eabriGsg one, where the specimens have an entire margin 
me ieeee, Tigerels8) 162, 157, 1589thelespin 25;efigdi 169; 
puaseolveftzose 173 ,w176,¥177;)r279) ,vandathe otherlwithyva 
Renrentireamargin. (pler24)) figssrLesitoraiesoupl4425y¢ figs 
Beppe d/0;7 pl -92670figse178> plye27gafigs#one29f183¢ 1855-186, 
Poors prise 2SAattigssrisotto 192;tphy 296 Fadgst11969e2969C198, 
Peon episscoyatigs.e20te@top204s%pltiGl,sfiges... 205 toa209) 4 
Figure 162 (pl. 23) and figure 178 (pl. 26) show identical 
venation, leaf shape and an entire margin. But when studied 
eritically’ figure.178 (pl. 26) ,-exhibits’ two rudimentary 
glands (indicated by arrows in the figure; see also pl. 26, 
fig. 181 where the glands are shown magnified), which are 
vascularized. To illustrate again, a comparison of figure 
157 (pl. 23) with figure 163 (pl. 24) shows that both 
specimens are identical in venation, but the leaf in figure 
163 (pl. 24) exhibits widely spaced serrations (indicated by 
arrows in the figure) with glands at the tips of the teeth. 
Leaf variants like those shown in figure 178 (pl. 26) and 
figure 163 (pl. 24) link up the entire-margined specimens 
with more elaborately toothed variants. In the non-entire 
margined leaves the serrations may appear as projections from 


the margin at about the widest portion of the leaf (ple 245 
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LO2,, 
mgm 1A5), Zanrow + ply (25 jxfdig. 167 puarnow peopl. 27, fig. 185, 
arrow; fig..188, arrow), or if there is more than one 
serration, they may be widely spaced (pl. 24, fig. 163; pl. 
Pree ye h0 epi a2 petigs. 183186 +.p1l. 28, fig. 192) or 
Gtoseky. spaced ¢(pl.124 ,».fig: 1643 pl. 28, fig. 189, 191; 
eee el igs .ph95 pu b96 7098, 2005) pl 30,<figss 201 to.203). 
Ragtact, 4 figure,189. (pl...28) illustrates an intermediate 
stage between the widely-serrated variants and closely- 
serrated variants. Serrations are always rounded and gland- 
tipped. The glands are not observed in some of the dark, 
widely-serrated variants, but they are readily observed in 
elosely=senrated Leaves, (pl. 29, fig. 199). The,glands are 
normally apical in position on the teeth and they may be 
emergent or non-emergent. The non-emergent gland illustrated 
in figure 199 (pl. 29) is strikingly similar in appearance 
to some of the glands found in dry leaves of Cerctdiphyllum 
Gapentcum (pha l1l,sfig. 74;.arrow without label points 'to 
the gland). The marginal configuration may sometimes be so 
irregular that proper scientific description is impossible 
(pas.. 3lipafigs. 2059.206, 4208). .~Sinuses are,angular (pl. 29, 
Reicaie1 9.G) kon rounded s(pl + .i2% tiga. 6 195,.4200)..uthe large 
rounded-serrate margin and the irregular dentition bears 
considerable resemblance to the long shoot leaves of 
Ceretdiphyllum magnificum (compare pl. 29, fig. 195 and pl. 
Ppwiioms20inwitheph. 109) £igeeG9ae In well-preserved 
specimens a gland is always present at the apex of the leaf 


(arrows in pl. 23, figs. 159, 160, indicate glands; compare 
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03;. 
with pl. 23, fig. 161 showing an apical gland in Cercitdi- 
phyllum magni ficum indicated by the arrow). The leaf base is 
decurrent in a few specimens. This condition is common to 
both entire and non-entire margined forms (pl. 24, fig. 165; 
Peo ELS, MME pI 26. Lifgs 7879 play Figs. 1385 
cere Oyen, T28IlShi gt 190 Ppl 29%, “Pig L96;7"pl. 30, “figs 
202). With respect to major venation, the inner primaries 
are mostly basal in origin but one specimen was found showing 
Ssuprabasal)'origin (pl. 31, ‘fig. 205) . Minor’ venation is 
typically cercidiphylloid with irregular vein islets intruded 
by ramified veinlets (pl. 26, fig. 180). In minor venation 
no difference is observed between the entire-margined 
variants and non-entire margined variants (compare pl. 26, 
fig. 174 with pl. 28, fig. 194). Mesophyll-configurations 
eeetilarcey( pis Pp2s.a-filg 2156 plage 245% £vgs* W66S" pl 25 ,v fags: 
a S72 Ie, A269 GL Geely 4 a plioy Paalgs. Wea 87 pre zs, 
figs. 193, 194). Among living plants, some of the entire- 
margined variants of Cercidiphyllum cuneatum (Newberry) 
resemble some menispermaceous members, especially Cocculus 
D.C., (Forman, 1960) in leaf form and palmate venation. A 
study of twenty cleared leaves and numerous herbarium sheets 
of Coceulus trtlobus (Thunb.) D.C., C. thunbergit D.C., C. 
orbiculata Kuntze., revealed a few significant and consist- 
ent features, like an entire margin, an apical mucro, a 
strong marginal vein, small, regular vein islets with simple 
or sparsely branched veinlets intruding the vein islets. The 


mean vein islet number in Coceulus trilobus D.C., to which 
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the entire-margined leaves of Cerctdiphyllum cuneatum bear 
the strongest resemblance, was found to be 3.6 with a range 
2.2 to 4 (Table 23). The mean veinlet termination number was 
found to be 4.2. It must be admitted that she mean veinlet 
termination number of 4.2 is very close to the mean veinlet 
termination number of 5, shown by C. euneatum. But it is 
doubtful whether any significance could be attached to this 
feature because, the other two species, C. genesevtanum and 
C. flexuosum (Hollick) also exhibit low veinlet termination 
numbers, i.e., 6 and 9 respectively. Moreover, the venation 
in species of Cocculus D.C. in general was observed to be 
Sinuous and rarely straight or zig zag. The question now is, 
whether Ceretdtphyllum cuneatum (Newberry) exhibits a 
cocculoid foliar morphology, or a cercidiphylloid foliar 
morphology especially in view of the entire-margined variants. 
It should be acknowledged at this point, that the living 
Ceretdtphyllum has never been observed to show a completely 
entire margin in a strict sense, i.e., without a trace of 
glands, although a glandular-entire margin is regularly 
observed. The important point here is that, while a range 

of variation in marginal configuration from glandular-entire 
to crenate is regularly observed in Cerctdtphyllum, such a 
variation is never seen in Cocculus. As already noted above, 
Coeeulus shows a consistent entire margin, and there is no 
2vidence as yet, that the genus ever possessed a margin other 
than entire, i.e., toothed margin with glands, or glandular- 


entire margin. These facts as applied to Cerctdtphyllum 
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105% 
cuneatum, which shows a spectrum of variation of entire and 
non-entire margin leads to two alternative interpretations. 
Either, that the species is cercidiphylloid in its foliar 
affinity because of the presence of variants having a non- 
entire margin with prominent glands, or cocculoid because of 
the presence of variants having an entire margin. If the 
latter interpretation is accepted, then one must assume that 
Coeeculus had a toothed margin with glands in its ancestry 
Similar to Ceretdtphyllum cuneatum and that the entire 
margin was derived during evolution, with a complete loss of 
marginal configuration as observed in the modern genus. A 
critical study of the species of modern Coeculus D.C. does 
not warrant such an assumption. The hypothesis though 
attractive fails on other grounds too. As already stated, 
species of Cocculus in general and C. trilobus in 
particular, consistently show an apical mucro, a marginal 
vein, and very small spongy mesophyll lacunae having a mean 
diameter of 20 u. None of these features was observed in 
Ceretdtphyllum cuneatum. On the other hand a number of 
features in common with Cerctdtphyllum have been recorded 
above, with the exception of an entire margin. Even the 
presence of an entire margin in C. cuneatum does not serious- 
ly hamper its inclusion in the generic circumscription of 
Cercidiphyllum because a degenerate (in a purely morphologi- 
cal sense) marginal configuration, except for the presence 
of glands, is often seen in Ceretidiphyllum. Thus, foliar 


features of C. cuneatum when weighed against Coeculus and 
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Cerctdtphyllum, seem to favour a cercidiphylloid rather than 
a cocculoid affinity. In any event, the decision to remove 
C. cuneatum from Ceretdiphyllum and place it in a new form 
genus closely allied to Ceretdtphyllum would be purely 
Subjective. It depends upon the relative significance 
attached to an entire margin showing no trace of glands. 
Granted that such a procedure is valid, the only result it 
achieves is the addition of yet another name to the already 
proliferate lists of names which abound in the literature. 
A more satisfactory alternative seems to be to expand the 
generic range of Cerctdtphyllum, in view of the consistent 
presence of a degenerate glandular-entire margin, to include 
the entire-margined variants of C. cuneatum. This procedure 
was adopted in the emended diagnosis of this species. 

Among the numerous fossil species which bear resembl- 
ance in some of their features to some of the variants of 
G. cyuneatum, are: Populus,ancttcea Heer (Hollick, .1936,.p.. 60, 
Plea 2. tio. 5 aba) .s 0p)... (20 pf She ie ales SL, ee fet hen ltt DEL 
iin 1s... © pala LODULUSse naddaeny Heer? (Hollick, 1936, p.« 
oy pls 2447) figs. 4,5; pl. 116, fig, 5), Grewicpets melearnz 
Berry (Berry, 1935... p.- 50m Die el 2h Clg tie PL. 14 .A), 
Trochodendrotdes arctica (Heer) Berry (Berry, 1926, p. 109, 
Pte 13, figs. 1 to 3; Seward and Conway, 1935, p. 15, pl. 3, 
mao 5, Lid. 39; Bell, 1949, p, 56, pl. 20, tiga sz 
Pee 25. fig. 2; pl. 46, figs. 273), Tfrochodendrozdes 
rhombotdeus (Lesquereux) Berry (Berry, 1922, p. 166, pl. 36, 


fig. 5), Trochodendrotdes cuneata (Newberry) Berry (Berry, 
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Bou Vuecy, Pl. 5, Ligs.°2 and 3491935, 5. 34, pl. 6) ¥iess 
2-6), Ceretdiphyllum aretteum (Heer) Brown (Brown, 1939, De 
492, pl. 53, figs. 4, 6 (middle and left); Schloemer-Jager, 
mo mo oo, ol. LO, fig. 73 Browns: 1962), 9.170, pl. 37, 
Eigse io, ts, 2070p lt (52), -fig. 978ROch,.1963,.p. 47, pl. 17, 
figs. 2 and 3), Hamamelidaceae? Genus? (Chandler, 1961, p.70, 
pl. 6, fig. 5). Original types of some of these species were 
examined. Some show some of the characteristics described 
under C. cuneatum (Newberry) but not all. Hence they are 
not synonymized. 
(Figured specimens bearing numbers S 874 (L), S 245, S 1041, 
Cee ior paleo), 9 2125; S Loveys los6 (A) and S 1587 
jt LoCo (A) 95 1043; S 358 (A)GeS ol4a (A), S 1031, S 283, 
ce) ayer eo 250) So) 95) (A) 8 eL0697 (8) 52827; 8 397, 
Bree ones 9 Oz 6. 90) 6. 3215 (A) 26. 20g Sao 99, S 1341, 
ere) om O25, on eoOo,) S27 LST VA) wes bOole (WB), Ss 2hl, 
S236, S 884, 5S 863, S 2716 (A) and S* 2078 {A) were collected 
from Genesee, Alberta and deposited in the paleobotanical 


collection, University of Alberta). 


Cerctdtphyllum sp. Fruits 


(Pl 32, figs. 210 top2a4) 


Description: Fruits rounded, elliptic, flat, slightly 
convex in the middle, tapering proximally and distally. 
Apex drawn into an extended point, very short stalked almost 


sessile. Fruits opposite, or alternate on an elongated, 
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Plate 23. 
Pigimiooe 
Figs Lo4, 
Figs. 156-160. 
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Figs. 159,160. 
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Ceretdtphyllum cuneatum (Newberry) n. comb.. 
(S874 (G))) X o2e2e 

Cerctdtphyllum cuneatum (Newberry) n. comb.. 
(S.- 24S) eer 

Cerctdtphyllum cuneatum (Newberry) n. comb.. 
Enlarged portion of specimen in fig. 157 with 
mesophyll-configurations. (S 1041) X 9. 
(Si POA) exe cr, 

(So 2717 x 0e 98 

Depressions at leaf apices, indicated by 
arrows, Originally filled with carbon. 
Depressions presumably glandular. \(S 295) 
X 11 and (S 275) X 11 respectively. Compare 
the depressions with the gland indicated by 
arrow an fice Gl 

Apical portion of cleared long shoot leaf of 
extant Cerctdiphyllum magntftcum (Nakai) 
Nakai with apical gland, indicated by arrow, 
for comparison with figs. 159 and 160 above. 
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(Collected from Genesee, Alberta). 
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Plate 24. 
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166. 


Ceretdtphyllum euneatum (Newberry) n. comb.. 
Specimen with widely separated rounded 
serrations and inconspicuous glands indicated 
by arrows. (SS: 259'8)) xX ess 

Specimen with partly entire and partly 
rounded serrate (left) margin. (S 295) Xl. 
Specimen with rounded serrations on the 
margin. Arrow points to carbonized mass at 
the tip of serration, presumably glandular. 
CS) 1586. (A) anduS SLoS7eiCe) axe 0 mon 

Enlarged portion of specimen in fig. 165 with 


mesophyll-configurations. (S 1586 (A)) x 22. 


(Collected from Genesee, Alberta). 
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Figs. 167-172. Cerctdtphyllum cuneatum (Newberry) n. comb.. 

Fig. b67 Arrow indicates projection from leaf margin. 
(SiO x 2.55. 

Fag. LG). Enlarged portion of specimen in fig. 169 
showing minor venation. °(S 358 °(A)) xX lie 

Bag wpa or. Nomo5e (CA) ) XxX) Laer 

Reign LHOr Specimen with widely separated rounded 
Serrations on leaf margin. ~(S 914) (A) exe 

Bagi Playa. Enlarged portion of specimen in fig. 167 
with mesophyll-configurations. X 22. 

Pag: (ieee Enlarged portion of specimen in fig. 169 


with mesophyll-configurations. X 22. 


(Collected from Genesee, Alberta). 
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Figs. 173-181. Cerectdtphyllum cuneatum (Newberry) n. comb.. 

FUOsa0.7 So. CSeeLOS aye x :0..8). 

Fign: a7 Enlarged portion of specimen in fig. 173 with 
mesophyll-configurations. X 8. 

RUOne ao. Gland at the apex of leaf (fig. 173) indicated 


by arrow. xX 10. 


PUG ate 7 Ore (Saez263) Xx 0..82 
fas Aah he (Smo 74) X 058. 
PUGS, 7.or Specimen with entire margin on the left and 


two rudimentary vascularized projections on 
the right indicated by arrows. (S 311) X 1.6. 

ime mops AE ES i Go 250) )°X> Ones 

Bag. Le0.. Enlarged portion of specimen in fig. 179 with 
minor venation. X 8. 

PUG oe. Enlarged portion of leaf margin of specimen 
in fig. 178 with glands indicated by arrows. 


gl=gqlands. xX 10. 


(Collected from Genesee, Alberta). 
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Plate 27. 


Figs. 182-188. Ceretdiphyllum cuneatum (Newberry) n. comb.. 


EUG else 
Fig. leor 
Fig, 194% 
RUGS. 
Page) Uso. 
Rigi lowe 
Figs, oan 


(S95 te SCA) )) X10 aee 

(SLOG95(B)). X-A0Rer 

Enlarged portion of specimen in fig. 185 

with mesophyll-configurations. (S 2827) X ll. 
(cm e2 7) xX 0.08 

Note decurrent base, widely separated rounded 
serrations on the margin and retuse leaf tip. 
(ome 27) Xx: Ovor 

Enlarged portion of specimen in fig. 188 with 
mesophyll-configurations. (S 2845) X 22. 

Note widely spearated rounded serrations on 
the margin. An emergent gland is indicated by 


the arrow. (right) S(Sa2e45) 93 


(Collected from Genesee, Alberta). 
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Plate 28. 
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Fig: 
Rig. 
Fig. 
Fig, 


Fig. 


Fig. 


189-194. 
Leo 
190". 
Los, 
Ue eae, 


9) 3. 


tate 


Cercidtphyllum cuneatum (Newberry) n. comb.. 
(Se OB 2x 0..9'. 

(S' -9eajm X14. 

(Seeszie(A)) X ORE 

(SmsOm)s xX 2b. 5. 

Enlarged portion of specimen in fig. 189 
with mesophyll-configurations. (S 982) X 9. 
Enlarged portion of specimen in fig. 190 
with minor venation and mesophyll-configura- 


tions. (S 988) xX 9. 


(Collected from Genesee, Alberta). 
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Cercidtphyllum cuneatum (Newberry) n. comb. 
(oy 8707 mex 42.1. 

(Seals Zags 1. 2°. 

Enlarged portion of specimen in fig. 196 with 
mesophyll-configurations. X 22. 

CSaezisiod (B)i)- —xer0 2am 

Enlarged portion of leaf margin of specimen 
in fig. 198. -Arrow ‘indicates a non-emergene 
quand. gl=gland.) <7re. 


(S228) xX “lean 


(Collected from Genesee, Alberta). 
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Figs. 201-204. Cercidiphyllum cuneatum (Newberry) n. comb.. 


Fig. 201. (S)2868)0x 1.5. 
Pig 2024 (Shi2gmee (A) ) xX Cpe 
Fig. (2038 (S 1051 (B)) x 0.9. 
Fig. 204. (Suzan X~0'.9. 


(Collected from Genesee, Alberta). 
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Figs. 205-209. Cercidtphyllum cuneatum (Newberry) n. comb.. 


Fig. 


Fig. 
Figs 
Figs 


Pice 
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Z20'Gr 


ZO 


208. 


209% 


Note suprabasal inner primary veins and 
irregular dentitione 61S) 530)-2% 059). 
(Sm#egean x 059. 

(SerO78 (A) ) XT oSe 

(Gmeos) 9 X 093 


(Sae2716- (Ay SQb) xia. 


(Collected from Genesee, Alberta). 


PLATE 31 


ge 
thick axis. Fruits longitudinally straited externally, with 
15 to 18 striations, evenly spaced and converging at either 
end. Transversely striated internally, striations ie ko tok 
and inconspicuous. Average size of fruit, length 20 mm and 
width 7 mm. 
Comment: The reproductive structures are rare. Those that 
Have been seen are very similar in morphology. Only 7 
specimens were found in the collection. The fruits are 
dark, carbonized and the internal cavities are preserved as 
Stigtew) cometimes the fruits occur in pairs (pl. 32, fig. 
213). The slitlike dehiscence suture is always visible (pl. 
32, figs. 211, 214). No organic connection was observed 
between any type of foliage and the fruits. Ten fruits were 
measured. They show a range of 15 to 25 mm in length and 
6 to 10 mm in width. No seeds were discovered. 

These fruits are of widespread occurrence in lower 
Tertiary floras of western U.S., Canada, Alaska, Greenland, 
and other circum-polar regions. The fruits are practically 
identical with Leguminosttes? arachiotdes Lesquereux (Berry, 
1916, p. 249, pl. 48, fig. 9) and Cerctdiphylium aretteum 
(Heer) Brown (Brown, 1939, pl. 54, figs. 8, 9, 14; Koch, 
BGS orapw), fig. Le 

Brown (1939, 1962) considers the fruits cercidiphylloid. 
Chandler (1961), however, does not favour this affinity but 
refers the fruits to a genus of Hamamelidaceae. So far, the 
Genesee material has failed to throw any further light on 


the nature of the fruits or their systematic affinities. 
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Plate 32. 


a tn en 


Figs. 210-214. 


Fig '2L0% 
bs We frye a a 
PUG 22s 
Figs. Ze 
Figs, (2b4y 


Ceretdiphyllum sp... VEruits: 

(SeOOGgae) ) XxX ioe 

Fruit (right) with suturelof dehiscence. 
(SH943)) X 2.75 

(Sm2z34i2"(B):) xp aon 

Fruits with longitudinal striations. 
(Ser1009) -Xii326% 


(See l5AT) sx 052 


(Collected from Genesee, Alberta). 
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The flattened fruiting axes with the attached fruits do 
not help in interpreting the morphology of the carpels. (For 
details on this aspect, see Swamy and Bailey, 1949). Swamy 
and Bailey have shown that the "flower" of Ceretdiphyllum is, 
in fact, a highly condensed inflorescence with practically 
no axis. If it is assumed that the fossil fruits borne on 
an elongated axis are cercidiphylloid in their morphology it 
follows that reduction of the axis has occurred during 
evolution. Until now there is no evidence of successive 
sLages, Of. evolutionary. reduction...» But it is, interesting. to 
note that in modern Cercetdtphyllum the fruits are borne on a 
"reduced" short shoot and never on the long shoot. If the 
analogy of the reduction in the vegetative axis (short shoot) 
is extended, it is not improbable to visualize a reduction 
in the inflorescence axis also. This inference would lend 
support to the view that the fruits are cercidiphylloid in 
their affinity. 
(Figured specimens bearing numbers S 990 (B), S 943, S 2842 
(B), S 1009 and S 1547 were collected from Genesee, Alberta 
and deposited in the paleobotanical collection, University 
of Alberta). 
Discussion: Classifications, in general, suffer from a 
considerable degree of arbitrariness. This subjective 
element becomes complicated when applied to fossils where 
one often deals with detached and isolated organs like 
foliage, fruits, etc.. As Just (1946) observes, "the value 


of taxonomic characters may not only vary from group to 
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E20. 
group but also with different systematic categories....in 
difficult groups....new taxonomic characters must be found 
or known characters must be restudied in as many samples as 
possible....". Each investigator is forced to formulate his 
own criteria for various taxonomic deel Lo (Brown, 1939; 
Prone; Wol fe mil966 h968:\ cp. 1S PeDort 1 91969exr J iKsi wet 
no extensive statistical data are available to lay down 
criteria for a generalized system of foliar classification. 
In this regard credit is due to Hickey's (197-) work on leaf 
"architectural patterns". An ideal system must take into 
account the range of variation which is basic to all biologi- 
cal material including leaves. Until such a system is 
devised the only recourse seems to be to investigate 
critically leaves of every species suspected of bearing a 
superficial resemblance to a fossil leaf. The information 
thus gained may then be used to interpret the taxonomic 
affinities of the fossil leaf. As applied to leaves, Wolfe 
(1968) lists a number of characters useful in classification. 
Among them, ultimate venation and marginal venation are 
considered by him as significant criteria at the generic 
level. Granted that this is a good working method based on 
the biological principle that vasculature is generally 
conservative, still there are instances where ultimate 
venation does not seem to be a good character for taxonomic 
purposes. Commenting on the value of venation as a taxo- 
nomic aid, Bailey and Nast (1944) emphasize that in Drimys 


and Pseudowintera, the vein patterns vary extensively in 
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Fei, 
different collections of the same Species and in different 
leaves from the same plant. Figures 18 to 20", plate™s 
(Bailey and Nast, 1944) are particularly instructive, showing 
the variation in ultimate venation, observed in Drimys 
ptpertta Hook., from different collections and different 
environments. A similar variation is found in Cercidiphyllum 
japontcum, where not only the nature but also the concentr- 
ation of the vein islets (areoles) and the intruding veinlets 
vary in different CY pes" Of "reaves, (ple 2, (19s. "oe toroe). 

A similar condition is observed in C. magntficum, where 
considerable difference between short and long shoot leaves 
is seen in the ultimate venation. Again, studies on the 
histogenesis of venation in Ltrtodendron by Pray (1955) have 
shown that differentitation of vein endings in areoles 
proceeds for a long time and that xylem maturation in vein 
endings is not completed till the leaf has reached maturity. 
In cleared leaves of Cerctdtphyllum the vein islets show 
variable shapes and sizes on the same leaf at different 
locations. The only constancy, in shape and size, was 
observed in a limited area midway between the midrib and the 
Margin at ‘the widest “portion ‘of “the Teaf (Levin, 1929): 
Further, vein islets increase in size to a limited extent 
with the maturity of the leaf. This is borne out by the 
decreasing vein islet number with increase in area of the 
l@af (Table*10, Tong shoot). It is assumed here that a 
small leaf generally is an immature leaf. (No ontogenetic 


Studies were made). The relevancy of these observations as 


PGR we ee Veh 


” ; 


piuibee Al mi bit: aotoade sala ir 
pees ov etouned ae yinolosis ag ven abe wjehaihe 
syn Seed! re ‘bevasede. coksemey “eoemi Sia ‘nk: Hots: 
SnaKets sh, bake Batoltoel Loo! Snexod2ib mort pated ws 

rsd Sydigthoees ith ‘Pawot et nots kisv: ‘te Liake A ‘yedaen sconce 
“z3eenAOS ad oats apd 3 US ody Ba yor exert: 
atoiniov paibextnt ed? br 5 (eoloaag) aseket ato on 
d (we ot SB api .Si 2 op ‘eevest ao" eoqt F er! 


ar orw imiow Eos “Y me bavasade. ai neit tbmos a6 


rig 110 eeibuse ispaA | ern hechenatee gf odd at 


aver (eee) wert yd sonbusbo bent Ei mokieasv ro'sns 


BW + on - is | 
x bas brie cha i 
ese , “ ean me 


| add 20 sous mt shes 
6 das vexed >it 
“Sisenepedno sia is 


122. 
applied to fossils may be questioned, because identification 
of fossil leaves is dealt with on a morphological basis and 
it is impossible to tell whether a leaf is mature or 
immature. But these observations become relevant in 
evaluating the relative taxonomic value of the ultimate 
venation; especially, in view of Wolfe's recognition of 
"five different species" of Cercidiphyllum (Wolfe, 1966, p. 

B 9) among the variants of Cercidiphyllum arcticum (Heer) 
Brown (Brown, 1939, 1962) based solely on ultimate venation, 
and his generalization that, "This indicates that certainly 
five different species are represented" (Wolfe, 1966, p. B 9). 
It should be noted that Wolfe did not provide any statisti- 
cal data or discuss the range of variation to substantiate 
his generalization. Further, he observes that the ultimate 
venation in Troechodendrotdes serrulata (Ward) Wolfe, is 
"strikingly different from that of the Recent C.. gapontcum.. 
pEVKk(Wodsfesf OGG po psi Br 19) «oe Et asi mot: knownywhat: type of 
cercidiphylloid venation was taken as the standard for 
comparison, because C. japonicum exhibits considerable 
variability in the ultimate venation depending upon the type 
Bfiibeaf, chosen-u(pli.. 12),, fdigs.. 182) to~84)i.. Dhe point here is 
that more data on the range of variation need to be 
presented before resorting to taxonomic oversimplification. 
If the nature of the ultimate venation is to be taken as the 
sole criterion for distinguishing two species, it fails in 
the case of modern Cercidiphyllum japontecum and C. magntft- 


cum. These two species cannot be distinguished on the 
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qualitative basis of ultimate venation, but can be readily 
distinguished on the basis of other characters. Again’, 1£ the 
venation patterns illustrated in figures 83 and 84 (pl. 12) 
belonging to two leaves of C. japonicum were to become 
fossilized two entirely different patterns of vein endings 
would result, i.e., the vein endings in figure 83 would be 
imprinted as thick strands, while those in figure 84 would 
be imprinted as thin wispy strands. If Wolfe's (1966) 
reasoning is applied, the two "fossilized" imprints would 
then be assigned to two different species. This hypothetical 
example has a direct bearing on Wolfe's distinction between 
Trochodendrotdes serrulata (Ward) Wolfe and Dicfloylophyllum 
rtchardsont (Heer) Wolfe the former showing 'thick-walled' 
vein islets and thick intruding veinlets; the latter showing 
"large areoles intruded by thin branching veinlets" (Wolfe, 
Moc, Oishi BC.) “In fact, variabilityiancche 
thickness of the ultimate vein endings as well as the 'walls' 
of vein islets was frequently observed within the three 
fossil species of Ceretdtphyllum, vtz., C. genesevtanum sp. 
nov., C. flexuosum (Hollick) and C. ecuneatum (Newberry) (for 
@campies, ccomparesipiaw20, fig.0137 and pl. 2 tig. donor 
Copcflennoesum wrndyipls.13) fig..90 and pl. 29), fig. aesxot 
C. genesevianum). Further, some of the leaves OfMC wile xru0o = 
sum (Hollick) were observed to have variable vein concentra- 
tions in the same leaf, i.e., different areas show different 
sizes of vein islets. Moreover, in fossil leaves, the 


ultimate vein endings are rarely preserved even in the 
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124, 
well-preserved material from Genesee, Alberta. This would be 
especially true if the vein ending is made up of a single 
tracheid. This factor becomes critical when two species are 
to be distinguished by simple or branched veinlets. A 
branched veinlet, when the ultimate terminations are not 
preserved, may be mistaken for a simple veinlet. The fore- 
going discussion and a detailed study of the foliar variation 
in Cerctdtphyllum would seem to indicate that the nature of 
ultimate venation, as far as this genus is concerned, is a 
feature of limited value. What limited value the character- 
istic of ultimate venation has is apparent only when taken 
in conjunction with other characters. Of course, Wolfe 
(1966) , who considers that the nature of ultimate venation 
as the diagnostic criterion outweighing all other foliar 
features in the identification of a species, could argue 
that a high degree of variation in ultimate venation is met 
with as an exception in primitive angiosperms (Bailey and 
Nast, 1944); and that such variation is not seen in more 
advanced species. This is of considerable significance to 
an investigator of Upper Cretaceous and Paleocene floras 
because of the greater likelihood of encountering primitive 
angiosperms exhibiting high levels of plasticity as one goes 
back into the geological past. The best method in this 
situation is to take many characters including minor 
venation and apply them as a group without giving special 
weight to any particular character. If a pair of characters 


are found to overlap, a statistical treatment may help. To 
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125. 
take a specific illustration, C. japonteum and C. magntfteum 
exhibit the same type of ultimate venation (ob rj) loa posigs ys 2 
to 87). But they can be distinguished by their vein 
concentrations as measured by their mean vein islet numbers. 
Vein islets are smaller in C. magnificum than C. japontcum. 
Their mean vein islet numbers are 2.4 and 0.8 respectively. 

In erecting the three species of Cercidtphyllum a 
qualitative as well as a quantitative approach was used. 

The various angles between the major veins that were chosen 
for morphological comparison, reflect the growth pattern of 
the leaves (Foster, 1952; Pray, 1955) presumably under 
genetic control. Whether this feature has any taxonomic 
Significance remains to be tested. In spite of the over- 
lapping ranges of the angles of major venation, differences 
are noticed between the species when the means of variables 
are considered (graphs 2 to 4). The full significance of 
these differences could be realized by comparative multi- 
variate analysis, taking all the variables simultaneously. 
For the present, the data given in the appendix help in 
providing proper and precise description of the species. It 
should be emphasized that large collections are required 
for any kind or statistical analysis. 

Comment has been made under each of the three fossil 
species of Cercidiphyllum, viz., C. genesevtanum, C. flexuo- 
sum and C. cuneatum that some of the variants of the three 
species resemble fossil leaves assigned by various authors 


(Ward, 1887; Newberry, 1898; Berry, 1922, 19353, Hollick, 


ae Tag) ee 


aaa eee okt Brig Labbe ncaa is pate 
S68. jee . Egy #oktsasy ot. ay 


niew siesta ve bortebupaivelbiee! es yar 
,ersdmun tole b ater ‘noeom jharie! 1d Bexuesom ‘SB 
MYSTHOE Gey 3 as rise SY Png 8 ai wetfame ous ejolel aie 
“wlavtsooqzey BVO bar }.S exe! asda feted 0 niev nseatiee 
Fe) cart Sybase} to dolvade: sort jaa Ges he | 
Bseu esW, ‘fosorgas ovitsd isasyp B es Stew i *) ) 
apaois: S3ew' deus entsv tofsa ody nsowsed 4 2S BLO —_ 
ro tected fiwoxrp sit toe lier. Vnoektsqmos" Inoly | 
~ebaw Yidemweord (22eL ys1t seer vasteony 
cimononss yrs esi sxuteot ek ct feiltede’ “Lox 
~pavoO te sige’ at weve ed oF eiitnmer’ iene 1H 


aoomexstiip '_foOLtsney xoteim to asipis silt. to 


eolds ixsy tte ansom stig fiodw esioeqs ods Reo w: 


ottinpte rat ott . eh oF rage) 
eye etisiorenie> yd" pesiiser ‘ed Biwae 


26% 
1936) to Populus, Trochodendrotdes, etc.. These species were 
all brought under Ceretdtphyllum areticum (Heer) Brown, by 
Brown in 1939. In the introduction reference has been made 
as to why Brown (1939) replaced the genus Trochodendroides 
with Ceretdtiphyllum. The stability and validity of ¢. 
aretteum (Heer) Brown was contested by Wolfe (1966). He 
erected three species, viz., Coceulus flabella (Newberry) 
Wolfe, Trochodendrotdes serrulata (Ward) Wolfe and 
Dicotylophyllum rtchardsont (Hollick) Wolfe, and transferred 
some of Brown's (1939, 1962) synonymy included under 
C. aretteum into the new combinations. Reference has already 
been made that this splitting up of the C. arctteum assembl- 
age was based rpimarily on the nature of ultimate venation 
molre, 1966, p. B 10, fig. 1). Assuming that Wolrte"s 
generic transfers are valid it is strange that he transferr- 
ed a number of specimens with a prominent toothed margin 
having glandular tips into Cocculus, a genus which has never 
been reported to have a non-entire (toothed) margin. No 
explanation was provided for expanding the generic range of 
Coeculus to include non-entire margined specimens, unless it 
is assumed that more weight was attached to ultimate 
venation than to the margin. If this inference is accepted 
the situation becomes more puzzling because Wolfe (1968, p. 
13) emphasizes the significance of the margin, when he says, 
"In some species that have both a non-entire and an entire 
margin, the fact that this variation is present Ls fully vas 


significant as the fact that a species always has a finely 
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serrate margin". As a corollary, it follows that an entire 
margin is significant if it is always shown by a species. 
Although it is not clear whether he was referring to fossil 
Species or living species, the fact stands out that he 
transferred a number of non-entire margined specimens into 
Coeeulus, a genus which always shows an entire Margin without 
exception. This contradiction remains to be explained. The 
above discussion is relevant in the present context, because 
a number of entire-margined variants from the Genesee 
assemblage, included under C. cuneatum (Newberry), bear a 
strong resemblance to the variants of C. arettcum (Heer) 
Brown. If Wolfe's (1966) classification is followed, the 
entire-margined variants of C. ecuneatum (Newberry) must find 
a place in Cocculus flabella (Newberry) Wolfe (Wolfe, 1966) 
apa notin. Cercrtdtphyttum. This problem has to be resolved 
and as far as C. cuneatum (Newberry) is concerned sufficient 
reasons have been advanced (refer above) as to why some of 
its entire-margined variants cannot be placed in Cocculus. 
Even if it is assumed that the entire-margined fossils are 
cocculoid in their affinity, independent evidence from 
reproductive structures does not substantiate such an 
assumption. The reason for this is that one might expect to 
find some evidence of fruits and seeds of Coeculus in a 
locality where supposed Cocculus leaves are so abundant. Of 
course, it must be admitted that there is a reasonable 
explanation for the absence of fruits because the fruits of 


Coeeulug are berries which may not be preserved. The only 
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E28. 
fruits discovered so far as the ubiquitous cercidiphylloid 
type. Therefore, until cocculoid type of fruits are found it 
can be inferred that C. cuneatum (Newberry) is cercidiphylloid 
and not Edeeubotd in its affinities. There is also indirect 
evidence by way of ecological association. It has been 
recorded by Chu and Cooper (1950) that Cerctdiphyllum is an . 
ecological associate of Metasequota glyptostroboides Hu and 
Cheng. It is interesting to note that Metasequota is a major 
element - (36%) next to Cercidiphyllum (43%), in the Genesee 
assemblage. 

tienthrest especies? lugeneseviqnumesp asnoven Galflexuosum 
(Hollick) and C. cuneatum (Newberry) are morphological 
species. They may coincide with real species in the biologi- 
cal sense or they may not. They may actually represent infra- 
specific categories. If the latter view is held problems of 
nomenclature will arise because varietal names have to be 
appended to specific epithets. While it is perfectly valid 
to indulge in such academic hair-splitting, its utility is 
doubtful. It would only result in the addition of lengthy 
names to literature which is already overburdened. 

A further interesting observation is the occurrence of 
Only 26ne ftypeléf) fruitpowhideithreésspecies«ofhleaves lane 
found in about equal frequencies. Two interpretations are 
possible here, i.e., (1) either all three species produced 
similar fruits or (2) the classification into three species 


is artificial while in fact there is only a single species 


producing one kind of fruit. To refute the latter view, 
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129. 
sufficient morphological evidence has been presented to 
demonstrate the recognition of three species; as for the 
presence of only one kind of fruit, evidence from living 
species of Cercidtiphyllum is instructive. Modern C. Japont- 
cum and C. magniftcum both bear fruits which are hardly 
distinguishable except for size. So it is quite possible 
that all three fossil species produced similar fruits. At 
present, it is not possible to assign the fruits to any 
Single species since organic connection between the fruits 
and leaves is lacking. 

Evolution of Cerctdiphyllum: Reference has been made 
regarding the varying degrees of similarity between the three 
fossil species of Ceretdtphyllum, and the modern species. 
Thus, C. genesevtanum is Similar to the long shoot and sucker 
shoot leaves of C. japonicum; C. flexuosum (Hollick) bears 
resemblance to the short shoot leaves of C. japontecum and 

C. magntfieum; some of the non-entire margined variants of 

C. ecuneatum (Newberry) show similarities with the long shoot 
and short shoot leaves of C. magnitficum, especially in 
marginal configuration; a few of the variants of C. cuneatum 
show widely separated rounded serrations (pl. 25, fagea dg 0’; 
pl. 27, fig. 186) resembling in this feature the seedling 
leaves of C. japonicum (Swamy and Bailey, 1949, p. 188, fig. 
1, b). A comment was also made that the growth pattern of 

C. flexuosum (Hollick) appears to be different from the short 
shoot leaves of modern C. japonicum. It was observed in 


C. japonicum that even the smallest leaf measuring only a 
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few millimeters long has a well-developed, cordate base. In 
C. flexuosum a truncate or incipient cordate base (base 180°) 
was observed only in leaves with an area of 2000 sq mm or 
more (Table 16, append.). On the other hand, leaves with a 
base less than 180° show a more uniform distribution starting 
from a very small leaf (Table 16, append. pl. 20, fig. 136). 
Failure to observe a leaf with a truncate or incipient 
cordate base having an area less than 2000 sq mm may be due 
to a number of factors. First, the sample may not have been 
large enough to include small cordate forms. Though 
pertinent, this can be ruled out immediately because, very 
small leaves with areas less than 300 sq mm have been found 
in C. cuneatum, C. genesevtanum, and in C. flexuosum as 
mentioned above. An alternative and more probable view is 
that the cordate base develops after the leaf has attained 
certain dimensions. If this inference is accepted, then some 
of the small leaves with a cuneate or rounded obtuse base may 
represent growth stages of the ovate or wide ovate leaves 
with a truncate or incipient cordate base. This type of 
growth pattern in which a leaf with an incipient cordate base 
passes through a prolonged developmental stage, having an 
obtuse base, is different from the development of the short 
shoot leaf of Cercidiphyllum. The short shoot leaf does not 
seem to go through a prolonged stage with an obtuse base, 
because the smallest leaf observed was found to have a fully 
developed cordate base. This interpretation is purely 


observational, inferred from herbarium material; ontogenetic 
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ESAs 
studies should throw light on this aspect. 

In any event, Table 16 (append.), indicates that 
C. flexuosum possessed a dimorphic foliage, one with an obtuse 
or cuneate base and the other with truncate or incipient 
cordate base. 

Modern Ceretditphyllum japonteum produces long and short 
shoot leaves regularly, which, though dissimilar in a number 
of features, possess some characters in common. Applying 
the analogy of long and short shoot leaves to the fossil 
Species a single species could be visualized bearing leaves 
assigned- to CC. genesevtanum and C. flexuosum (Hollick), 
because of their respective strong similarity to the long 
shoot and short shoot leaves of C. japonteum. But there are 
a few insurmountable problems which do not support such a 
view. C. genesevtanum and C. flexuosum differ significantly 
in a number of features, and any overlapping of characters 
between the two is inSignificant. So it is safe to assume 
that they are distinct species or infra-specific categories 
evolving independently. As gathered from published data, 
some of the variants of C. genesevianum show a superficial 
resemblance to a few elongate, ovate variants of C. elonga- 
tum Brown, which according to Brown (1939, p. 495) 
"developed during the middle or late Eocene" and survived 
"until probably upper Oligocene or lower Miocene". Becker 
(1960) later reported the same species from lower Eocene 
strata. C. elgonatum was not precisely defined by Brown 


(1939). Information regarding its foliar morphology had to 
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be pieced together from various publications (Wolfe, 1968, 
p. 19; Brown, 1939). After considering the information 
making possible the comparison of C. elongatum with C. genes- 
evtanum it became apparent that the two species are not 
conspecific. Such a possibility is also ruled out independ- 
ently, if it is assumed that C. genesevianum had an earlier 
Origin, judging from other species present in the Genesee 
fossil flora, than the earliest occurrence of C. elongatum 
elsewhere. On the other hand, it is probable that C. genes- 
evtanum has evolved into C. elongatum. It is also probable 
that C. flexuosum (Hollick) might have independently 
evolved into C. crenatum (Unger) Brown by Eocene times in the 
north polar regions (Brown, 1939). It should be noted here, 
that the variants of C. flexuosum having an incipient 
cordate base, are similar in general form and major venation 
to C. ecrenatum, except that C. crenatum has a pronounced 
cordate base, as is found in the short shoot leaves of modern 
Ceretdtphyllum japonicum. There is also a considerable 
difference in dentition between C. flexuosum and C. erenatum. 
If this view is tentatively accepted, then it follows that 
the modern C. japonicum is a product of hybridization between 
C. elongatum and C. crenatum. Where and when the hybridiza- 
tion might have occurred cannot be answered in the absence 
of extensive fossil collections of a high quality. 


It is fully realized that the above view is built upon 


many assumptions and speculations. The object of this 


hypothesis is to raise questions, and put forth an alternative 
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view against that of Brown (1939) who traced a step-wise 
Sstratigraphical evolution of Ceretdtphyllum, from C. elltpti- 
cum (Upper Cretaceous) to C. japonicum (Recent) through the 
intermediate stages, viz., C. arettcum (Paleocene to Eocene) , 
C. elongatum (middle Eocene to lower Miocene) and C. erenatum 
(middle Eocene-Oligocene-upper Miocene). Brown (1939) 
assumes a Single lineage for Cercidiphyllum whose evolution 
from Upper Cretaceous to the Recent is correlated with a 
progressive change in over-all leaf shape. A study of 
Genesee material would indicate that C. arettecum (Heer) Brown, 
the predominantly Paleocene to middle Eocene species is a 
mixed assemblage of three distinct species. The demonstration 
of the occurrence of three distinct species in the lower 
Tertiary is not in accordance with Brown's view. Moreover, 

a few inconsistencies in Brown's paper (1939) would contrad- 
ict his view on the course of evolution of Cerctdiphyllum as 
a Single lineage. According to Brown (1939, p. 496) C. 
arettcum and C. ecrenatum may be partly contemporaneous in 
the north polar regions. Brown also suggested that C. 
erenatum had an earlier origin in the upper latitudes than 
in the lower latitudes. If these ideas are true then one 
must assume, first that C. crenatum has evolved directly 
from C. arcttcum without going through the intervening 
species, viz., C. elongatum, in the upper polar regions; 
second that C. crenatum has evolved as early as the Eocene, 
in the upper latitudes (Hollick, 1936), and spread to the 


lower latitudes by upper Oligocene and. lower Miocene 
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134. 
because (. crenatum has not been reported to occur in pre= 
Oligocene strata in the lower latitudes. If this view is 
not accepted, then one must assume that C. crenatum had two 
independent origins, one in the lower latitudes (Bridge 
Creek, Oregon) in upper Oligocene or lower Miocene and 
another earlier origin in the Eocene times in the polar 
regions. The likelihood of the same species developing 
independently in two disparate geological times spanning 
millions of years, is highly improbable. It is also difficult 
to visualize the independent origin of C. ecrenatum through 
different lineages, one arising from C. arcttcum, passing 
through C. elongatum and culminating in C. ecrenatum, the 
other arising directly from C. aretteum without passing 
through.¢C....elongatum..-These inconsistencies could be 
avoided if the hypothesis of hybridization proposed above is 
tentatively accepted. The view of hybridization is not new 
(Stebbins, 1948, 1950, 1959). Unfortunately no information 
is available on the cytology of the modern species of 
Cercetdtphyllum except for the fact that C. japonicum has 
19 chromosomes (Whitaker, 1933). 

Foliar dimorphism in Ceretdiphyllum japonicum has been 
explained on the basis of ontogeny. Briefly stated, short 
shoot leaves go through a longer embryonic period from the 
time of initiation of growth to maturity while long shoot 
leaves go through a shorter growth period, which is 
completed in one season. This fails to explain. the.inter- 


mediate nature of sucker shoot leaves showing features of 
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bac a , 
both long and short shoot leaves. Sucker shoot leaves like 
long shoot leaves presumably complete their growth in one 
continuous period. (For full details see Titman and Wetmore, 
1955; -Critchfield,° 1960). Though thése papers put forth a 
reasonable explanation for the mechanism of occurrence of 
dimorphic foliage, they do not throw any light on the pheno- 
menon itself, i.e., in the sense of adaptation, phylogeny and 
evolution. There is as yet no detailed information on the 
adaptive values of foliar forms, venation, dentition, etc.. 
Further research in this line may clarify some of the 
problems raised in this part of the discussion. 

No comment can be made at the present time on C. cuneatum 
(Newberry), and its phylogeny. The origin of the three 
fossil species is unknown. 

Some of the variants of C. genesevtanum sp. nov. with 
a rounded obtuse base resemble C. elltpttecum (Newberry) 
Brow p°(DOre, “1942 -*pPoLal, “pre roy, figh4), “the préedominant— 
ly Upper Cretaceous species. Variants of C. flexuosum 
(Hollick) n. comb. match Upper Cretaceous species like 
Populus pseudoelliptica Hollick (Hollick, 1930, p. 63, pil. 
31, fig. 6) and Cerctidiphyllum arettcum (Shoemaker, 1966, 

p. 68, pl. 14, fig. 2). Variants of C. euneatum (Newberry) 
n. comb. resemble Upper Cretaceous species like Trochoden- 
drotdes rhombotdeus (Lesquereux) Berry (Berry, 1922, p. 166, 
PES 36-)Sf ig )*5). “This’ seems’ to indicate that the three 
fossil species, C. genesevtanum sp. nov., C. flexuosum 


(Hollick), C. cuneatum (Newberry), are established as 
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DSF. 
independent taxa even in the Upper Cretaceous. 
Occurrence: Of the three species, C. ecuneatum (Newberry) 
appears to be the most common in Upper Cretaceous-Paleocene 
(up to lower Eocene in some instances) formations in the 
eastern part of the United States, Canada and circum-polar 
regions. Occurrence of C. flexuosum (Hollick) contemporan- 
eous with C. cuneatum appears to be rare as inferred from 
published data, but interestingly its frequency is high in 
the Genesee collection. Its rare occurrence in other Upper 
Cretaceous-lower Tertiary formations might be due to the 
difficulty in recognizing it from some of the variants of 
C. cuneatum, A marked Similarity is seen between the two in 
general form and to some extent major venation; under poor 
preservational conditions, especially in minor venation and 
margin, they can hardly be separated. Species assignable to 
C. genesevtanum are very rarely met with in literature deal- 
ing with Upper Cretaceous-Paleocene floras, and this also 
M.gncune parcly, due to its similarity, tn°over-all form, 7 co 
some of the variants of C. cuneatum, under conditions of 
poor preservation. 

No final word can be said about the phylogeny of 
Cerctdiphyllum. There are still a few thorny problems 
requiring answers. For instance, the connection of the 
fruits to the foliage, and the supposed reduction of the 
fruiting axis. When did the fruits borne on an elongated 
axis become reduced? Hopefully more studies of extensive 


collections should throw light on these problems. 
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Family: Platanaceae 
Platanus raynoldstt Newberry 


(PET*S3)° £1Gs 916946 %22 1) 


Description: Leaves mostly chartaceous, rarely coriaceous; 
Shape ovate in smaller leaves, tri-lobed in larger leaves; 
the lateral lobes may or may not be pronounced (pl. 33, figs. 
216, 217, 219); apex acute; margin undulate-glandular with 
shallow scalloped sinuses; teeth, gland-tipped; glands, 
emergent almost mucronate (pl. 33, fig. 218, arrows); base, 
obtuse, truncate to incipient cordate; major venation palm- 
ate, with a straight midrib and one pair of suprabasal 
primaries of equal strength flanking the midrib; primaries 
subopposite, straight, craspedodromous extending into the 
lateral lobes, diverging, and making an angle of 70-80°; 
secondaries from the midrib, 6 to 7 pairs opposite, sub- 
opposite, or alternate, making an angle of 40-45° with 
midrib; secondaries from the midrib, craspedodromous 
proximally, grading into a semi-craspedodromous condition 
distally; distal secondaries weak forming angular loops; 
outer secondaries from primaries craspedodromous proximally, 
grading into semi-craspedodromous condition distally; 
proximal outer secondaries almost at right angles to the 
midrib, making an angle of 45-50° with the primary; 
tertiaries percurrent, vein islets large, polygonal, regular 
with a mean vein islet number of 1.0, with branched veinlets 


intruding the vein islets (pl. 33, Fide te 21)a. aoe 
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138’ 
Specimens show mesophyll-configurations (pl. 33, fig. 220), 
which are very small in size, with a mean diameter of 30 u. 
Comment: Twenty specimens in the collection comprise this 
species, The leaves are large the largest being 230 mm long 
and 235 mm wide, with an area of approximately 36,000 sq mm 
(pl. 33, fig. 216). The generic designation is well 
established judging from the literature on lower Tertiary 
floras of western United States (Brown, 1962). Among the 
living species of Platanus the Genesee material exhibits a 
strong resemblance to Platanus euneata Willd. (=ortentalts) 
in margin, shape, and major venation. The size of the 
mesophyll lacunae of this species with a mean diameter of 
26 wu (Platanus cuneata Willd. U.S.N.M. Herbarium sheet 
54956) agrees closely with that found in the Genesee 
specimens. The nature of mesophyll-configurations has been 
discussed under Cercidiphyllaceae. The only difference 
between Platanus raynoldsit and P. cuneata seems to be in 
the mean vein islet number. Platanus cuneata Willd. shows 
a mean vein islet number of 4.0, while P. raynoldstt 
Newberry, shows a mean vein islet number of 1.0. These 
figures are based on very few specimens. It is doubtful if 
these numbers represent the true range of variation. 

Brown (1962) lumped a number of species, assigned to 
various genera, under Platanus raynoldstt Newberry. Some 
of the species included under his synonymy could almost be 
duplicated with some of the Genesee specimens. Hence the 


Genesee fossils are made conspecific with P. raynoldstit. 
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1339) 
It should, however, be noted that the mesophyll-configurations 
in this species were discovered for the first time from the 
Genesee material. This feature has not been reported in the 
literature so far. Some of the fossil species which bear a 
strong resemblance to Genesee specimens are: Platanus 
raynoldsit Newberry (Newberry, 1898, p. 109, pl. 35; 
POW EEO, 1950; pp. 7/7, pl, 355, Bell 2949: p./-59, pl.) 37, 
Peco yee oe eos, to 41% Brown; 1962), -p. 164 ,,<pl.) 30, figs. 1 
and-3, Pl. 31, fig. 6), Platanuse aeerotdee | Goppert (Knowlton, 
Poe oe pil. (63, fig. 4, pike 977 figs. 2-and 3), 
Platanus acerotdes cuneata Knowlton n. var. (Knowlton, 1917, 
pes ct, pl, Js, fig. 1), Platanus vaderordes Lattfoltia 
MiowULOne ta Var. (Knowlton, L917) ip. 82a pol... 93 fige 3s, 
PlLalanue-guicclelmae Goppert. (Ward; L&8/7ap. 37, pu. $207 f10) 
ae KnOWwLton,. 1930, p.. 76, pi. 34, fig. 1),-Platanus haydentz 
Newberry (Newberry, 1898, p. 103, pl. 36, pl. 56, 
fides know con, 2930 7ep. 797 pl. sou. fig... 1); 
Platanus nobilis Newberry (Newberry, 1898, p. 106, pl. 37, 
fig. 1), Platanus? regularts Knowlton (Knowlton, 1917, pl. 
113, fig. 4), Acer trilobatum tricusptdatum (Braun) Heer 
Ward, 1887, ue 66, pl. 29, figs. 3 and 4), Aralta? serrata 
Knowlton (Knowlton, 1917, p. 341, pl. 108, fig. 4), Ctssus 
grossedentata Knowlton (Knowlton, 1917, p. 340, pl. 104. 
Fig. 1), Grewtopsts popultifolta Ward (Ward, 1887, p. 90, 
Die 40, fig. 3), Populus nervogd Newberry (Newberry, 1898, 
he. 48, pl. 27, figs. 2 and 3), #hue? vtburnotdes (Knowlton, 


1917, p. 328, pl. 98, fig. 5) and Viburnum lakesit 
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Plate 33. 
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Taptseta serrata (Newberry) n. comb. 
(Sas 2 3) aex: 0)... 


Platanus raynoldstt Newberry 
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(S796. and S) 801)95 36 0.5. 

Apical glands on teeth indicated by arrows. 
(Sa 713. (Baie Zee 

oh 2 7-3: KCB) eee xO: 
Mesophyll-configurations. (S 169 (L)) X 22. 


Minor venation. (Si 30582 (Bj) SX Lie 


(Collected from Genesee, Alberta). 
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141. 
Peequereux~ (Knowlton), +1977 7"p. 348, "pre * 120 , “figr’ 4)" Bell, 
eee p. 1S Pb LOVSeterigs’s)-. 
(Figures specimens bearing numbers S 981 (A), S 796 and 
S 801, S 2713 (B), S 169 (L) and S 3158 (B) were collected 
from Genesee, Alberta and deposited in the paleobotanical 


collection, University of Alberta). 


Family: Staphyleaceae 
Taptseta serrata (Newberry) n. comb. 
Peo oge figs 2Lo7 ple 34, figs. 224 cto'2267 pls 35, f1qs. 


Dela cO -25U) 


Alnus serrata Newberry (Newberry, 1898, p. 66, pl. 33, fig. 
1) 
Description: Leaves petiolate; texture chartaceous, 
coriaceous; shape, elliptic, or ovate with a mean L/W ratio 
of 1.5; tip acute; base obtuse, or incipient cordate; margin 
serrate to coarse-dentate, with a mean of 1.5 teeth per cm, 
acute, gland-tipped; sinuses angular, or rounded, regular; 
major venation pinnate, midrib straight with a mean of 10 
pairs of secondaries, diverging at a mean angle of 50° from 
the midrib, alternate, irregularly spaced, 
Straight or slightly zig zag, distal secondaries slightly 
curved; secondaries semi-craspedodromous, branching at acute 
angles near the margin, forming angular loops with success- 
ive secondaries; branches from secondaries very rarely form 
tertiary loops at the widest portion of lamina; a short vein 


enters a tooth either from a secondary or tertiary loop; a 
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142. 
short branch arising from the vein entering the tooth, 
extends to the superadjacent sinus; in the distal portions 
of the lamina the secondaries rarely craspedodromous; 
tertiaries weakly percurrent, straight or sinuous. 

Comment: Fifty-four fossil leaves including 27 recognizable 
fragments were studied. The ultimate venation is rarely 
preserved except in a single fragment (S 2834, from 
Genesee, Alberta). In this specimen, patches of ultimate 
venation were observed; the vein islets are small with a 
mean vein islet number of 4. Veinlets intruding the vein 
islets were not seen. It was not possible to determine 
with certainty whether the absence of veinlets was a 
Specific character or was due to poor preservation. The 
leaves are large with a mean area of 5300 sq mm, and the 
largest leaf is 220 mm long and 150 mm wide with an area of 
22,000 sq mm (S 1326, from Genesee, Alberta). The fossil 
leaves of 7. serrata resemble those of modern Eucommia 
ulmotdes Oliv. superficially in form and dentition. But the 
major venation pattern is markedly different in Taptsctia 
serrata. In Eucommita the secondaries branch distally and 
form tertiary and quarternary loops near the margin, while 
in Taptseta serrata even tertiary looping is rarely seen. 
On the other hand, a strong resemblance is seen between the 
variants of Tapisecta serrata (Newberry) and modern Taptscta 
sinensis Oliv. an Asiatic species. A variety of this 
species, viz., I. stnensts concolor Cheng is an ecological 


associate of Metasequota glyptostrobotdes Hu and Cheng (Chu 
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and Cooper, 1950). A comparison of a cleared leaf of 
Wapveer a ernensts (pl, 34, fig. 2225 Wilson, U.S.N.M. 
Herbarium 596958) and Taptseta serrata (Newberry) (pl. 34, 
PiGesee>; pl, 35, £ig.|228) illustrates the strong similarity 
in venation and general form between the two. (Compare also 
pl. 34, fig. 223 and fig. 224 showing marginal venation). 
the vein islet number in Taptecta stnensis Oliv. is 2.5. 
This number is based on a single specimen. 

A number of fossil species, like Eucommia serrata 
(Newberry) Brown (Brown, 1962, p.-72, pl. 44, figs. 1, 4, 5; 
Piee4o,, figs. 3, .5), Celastrus ferrugineus Ward (Ward, 1887, 
Piao, pL, 34, fig. 2), Celastrus taurinensts Ward (Ward, 
VEGI peo, PL. 34, fig. 6), Celastrus ovatus: Ward (Ward; 
Pooigepeol, DL. 36, ‘fig. 1), Cetastruse almzyrolzus Ward 
(Wardps coy ,.p. 80, ipl. 35, fig. I) and) Veburnum ginaLe 
WaroetWara, 2807, pe 115, pl. 57, figs 5), bear resemblance 
to Tapiseta serrata (Newberry). It may be noted that a 
specimen designated by Brown as Eucommta serrata (Newberry) 
Brown (Brown, 1962, p. 72, pl. 44, fig. 4) is almost 
identical to a specimen of Tapiseta serrata (Newberry) 

i Postrated in plate 35 (fi9g. 225)e 

(Figured specimens bearing numbers, S 328; 5, LOo4,, 

S $38 (A). S 266, S 847 (B), & E591, S 248 and S 945 were 
collected from Genesee, Alberta and deposited in the 


paleobotanical collection, University of Alberta.) 
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Plate 34. 
Bigs .iegecre 
Purge weer 


Figs. 224-226. 
Fig. 224. 
Piguac2.. 


Fig. 226% 


Tapltecta sinensis Oliv... Cleared) leat. kan 
comparison with fig, 225. .(Slide Feliz; 
ds) 

Portion of the cleared leaf in fig. 222 
showing details of venation and dentition for 
comparison With fig, 224.5) xz. 

Taptscta serrata (Newberry) n. comb.. 

(Seh0'54). sx ets 

(S03 8: (A)S) dere = 


(515266) 2x0 er 


(Specimens shown in figs. 224-226 were 


collected from Genesee, Alberta). 
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Plate 35. 


Figs. 227-230. Tfaptseta serrata (Newberry) n. comb.. 


Fig. (227. (S 847 (B)) X lL. 
Fig. 228. (Sono Xo 
Fig. 229. (SP 24e).0X 1.6% 
Figs 2308 (S 945) Xl. 


(Collected from Genesee, Alberta). 
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Family: Vitaceae 
Vitts sp. 


Lei it Oen tise 2314t6 2358.1. i352 atid. 296) 


Description: Leaves petiolate; texture usually chartaceous, 
rarely coriaceous; shape ovate (pl. 36, figs. 231, 232) or 
Pit] Obed (pl. 30, figs. 233, 234; pl. 37, fig. 236), marain 
compound toothed, with regularly spaced, large dentate teeth 
which are themselves serrate (pl. 36, fig. 234; pl. 37, fig. 
236); teeth gland-tipped; glands, apical; base in well- 
preserved specimens, peltate, with two short basal lobes 

(pl. 36, figs. 233, 234); major venation palmate with a 
straight midrib, and two or three pairs of primaries flanking 
the midrib; inner primaries of equal strength to midrib, 
outer primaries weakest; inner primaries ascending, arcuate, 
making a mean angle of 80° between them, craspedodromous, 
ending in lobes, when the lobes are pronounced (pl. 36, figs. 
233, 234; pl. 37, fig. 236); all primaries craspedodromous; 
secondaries arising from the midrib distal, curving up, 
craspedodromous grading into a semi-craspedodromous condition 
distally; outer secondaries arising from the primaries 
craspedodromous; tertiaries percurrent, straight, obarcuate; 
quarternaries arising distally from secondaries near the 
margin form angular loops; minor venation poorly preserved, 
except in a few specimens (pl. 36, fig. 235); vein islets 
small with a mean vein islet number of 5.0, with simple or 
once-branched veinlets intruding the vein islets. 


Comment and discussion: Vitis sp. comprises 22 specimens of 
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the collection including recognizable fragments. The leaves 
are large with a mean area of 4400 sq mm based on 10 speci- 
mens. The largest leaf is 120 mm long and 90 mm wide with an 
area Of 7200 sq mm (S 320 (L) from Genesee, Alberta). 

The fossil variants resemble species of Vitis in over- 
all morphology, particularly in the presence Of a’ peltace 
base and basal lobes. Among the fossil species of early 
Tertiary age, a close similarity is seen between Vitis olrtki 
Becwate row, £962, p. 82.,,.pl. 27, Eig. 10),and figure 236 
(pl. 37) in general morphology and venation. Leaves of Vitis 
olrtkt Heer are ".....obscurely lobed; borders dentate" (as 
qiotea in Lesquercux,. 18/78; p. 241; pl. 41, fig. 8). “Again, 
Knowlton (1917) commenting on Lesquereux's (1878) specimen 
states that the American specimen is "coarser toothed" as 
compared to Heer's specimens. Brown describes the species 
as having "entire or toothed margins" (Brown, 1962, p. 82). 
Koch (1963, p. 61) in his discussion of Vitte olrikit Heer 
says that "much preparation had still to be done in the 
marginal zone" of Heer's type specimen. He also adds that 
Heer's type is incorrectly drawn regarding marginal serration. 
In any event, the fossil variants collected from Genesee 
consistently exhibit a compound toothed margin as already 
described above. The material is too scanty to decide the 
significance of the compound toothed margin as a diagnostic 
specific character. The state of preservation of the margin 
of the material assigned by various authors (see Brown's 


synonymy, 1962, p. 82) to Vitis olrikt Heer is not known. 
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Plate 36. 


Figs. 231-235. 


Pigs .23 04 
Pgh poses 
Pigwa2oo'. 
Pig. «234. 
Pig. 2M 


Vttvtse 'Sp..- 

(Smee we(A)>) > Xs 
CSEAO 787 (B)") xX 3Ornce 
(Sys Zo) x 0587 
(Saaz) x0 78% 


Minor venation. CSeeLOS cy ek 


(Collected from Genesee, Alberta). 


PLATE 36 


ey Mean? oe TS 
ey : : 


149. 

This comment is of some significance as applied to Genesee 
material because, if the small serrations present on the 
larger teeth are not preserved in the Genesee material then 
the variants would fall within the description of Vitis 
olrtkt Heer, showing a "coarser toothed" Margin (Knowlton, 
1917). Data on the range of variation exhibited by modern 
species of Vitis is not available at present for a thorough 
comparison between the fossil variants and their probable 
modern correlatives. In the absence of such data the 
Significance of the margin as a taxonomic criterion cannot 
be assessed. Without a satisfactory evaluation of the 
Margin, the Genesee variants of Vttts sp. could not be made 
conspecific with Vitts olrtkt Heer, in spite of the strong 
over-all similarity between them. 

(Figured specimens bearing numbers S 880 (A), S 1078 
Cents 13 25', "93 z20"and S 1022 “(B)**were*col fected "from 
Genesee, Alberta and deposited in the paleobotanical 


collection, University of Alberta.) 


Ampelopsis acertfolta (Newberry) Brown 


(Pb, BPC iis \FS7 sto 239) 


Description: Texture chartaceous; shape, tri-lobed; base 
truncate or incipient cordate; margin toothed, teeth large or 
of unequal size, rounded with concave rounded sinuses, rarely 
angular sinuses, teeth gland-tipped; glands, apical; major 


venation palmate with a straight midrib flanked by two or 
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150. 
three pairs of primaries; inner primaries strongest, 
divergent straight, making a mean angle of 70° between them, 
craspedodromous ending in lobes (pl. 37, figs. 237-239); all 
primaries basal in origin and craspedodromous; secondaries 
arising from the midrib straight, divergent, craspedodromous; 
outer secondaries arising from the primaries craspedodromous ; 
tertiaries percurrent, straight, obarcuate; quarternaries 
Originating distally from the secondaries near the margin 
form angular loops. Preservation of minor venation poor; 
where preserved, vein islets are polygonal intruded by freely 
ending branched veinlets; mesophyll-configurations seen at a 
few isolated areas in one specimen (pl. 37, fig. 238) and the 
configurations are extremely small, with a mean diameter of 
A eye y ie 
Comment: Variants of Ampelopsts acertfolta (Newberry) Brown, 
comprise 29 specimens of the collection. The mean size based 
on 11 specimens is 3500 sq mm in area, the smallest being 
45 mm long and 40 mm wide (S 864 (L) from Genesee, Alberta 
and the largest being 87 mm long and 95 mm wide (S 387, from 
Genesee, Alberta). The small mesophyll-configurations, 
observed in a single specimen (pl. 37, fig. 238) “are similar 
to the mesophyll lacunae found in a cleared leaf of 
Parthenoctssus (Ampelopsts) trteusptdata (Sieb. and Zuce.) 
Planchon. The nature of the mesophyll-configurations has 
already been discussed under Cercidiphyllaceae. A number of 
fossil species assigned to various genera could be matched 


with some of the variants collected from Genesee, Alberta. 
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Plate 37. 


Pig. 236. Vitze-sp.. (SU1L02Z2 (Bi) x e 


Figs. 237-239. Ampelopsts acertfolta (Newberry) Brown. 


Fig. (267. (S790) x 1. 
Fig? 238. (Sooo x 1. 
Fig. 239. (S 958 (A)) Xl. 


(Collected from Genesee, Alberta). 
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For example, Newberry's description of Populus acerifolta 
Newberry (Newberry, 1898, p. 37) pl. 28/::figs., 5. to 8) can be 
exactly matched with figure 237 (pl. 37). Brown (1962) 
synonymized a number of fossil species under his new combina- 
tion Ampelopstis acerifolia (Newberry) Brown. Some of his 
fugumed ipecimensi,(Brown 219 62),4ipsr 78yrdin Sy, igsic 2s, 13, 
16, 17) are nearly identical with the Genesee variants. 
Other fossil species showing similarity with the Genesee 
fossils are: Acer arcttcum Heer (Bell, 1949, p. 71, pl. 48, 
fig. 2), Ctssus lesquereuxtt Knowlton (Knowlton, 1930, p. 
114, pl. 48, fig. 3), Dombeyopsts nebrascensis (Newberry) 
BedasnfBed ly, :1949;, Pie62.- pl. 20ygrfiguedh)s,. Votre, brunert Ward 
Ward 88, p. 69, pl. 32, figs. 1, 2), Vettes carbonensts 
Ward (Wardsyre:8 8iepiane0 pple 2 pebioey 3). 

(Figured specimens bearing numbers, S 790, S 930 and 
S 958 (A), were collected from Genesee, Alberta and deposited 


in the paleobotanical collection, University of Alberta.) 


Incertae sedis 


Class: Angiospermae 


The systematic affinities of the specimens figured in 
plate 38, are unknown at present. They are discussed 


separately as follows: 
Pilsf 33 mpbdoing 2 400 
Two specimens were recovered from the collection .«." The 
figured specimen is 90 mm long and 50 mm wide, ovate with a 


rounded base; margin is rounded serrate with a gland at the 
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apex; major venation is pinnate with eight pairs of second- 
aries making a mean angle of 50° with the midrib, semi- 
craspedodromous, each secondary forming loops with the super- 
adjacent secondary, near the margin; a Single veinlet enters 
each tooth from each loop. Tertiaries are almost at right 
gngies to the midrib at the widest portion of the leaf. 
Minor venation is poorly preserved. 

These specimens resemble Tapiscta serrata (Newberry) 
described elsewhere in this thesis, in major venation, but 
the dentition is distinct in being rounded serrate. It also 
bears resemblance to a specimen figured by Brown assigned to 
Eucommta serrata (Newberry) Brown (Brown, 1962, p. 72, pl. 
Boyt se 1). 

(Figures specimen bearing number S 1073 was collected 
from Genesee, Alberta and deposited in the paleobotanical 


collection, University of Alberta.) 


(PIALSS Sti gue2ay) 

Only two specimens comprise this foliar form. The 
unfigured specimen is a fragment (S 1017 (B)). The leaf is 
chartaceous, ovate, 98 mm long and 77 mm wide, irregularly 
dentate, with a deeply cordate base. This feature is not 
very well seen in the figure. Major venation is strongly 
zig zag, palmate, inner primaries divergent making an angle 
of 60° between them forming angular loops with the first 
outer secondaries arising from the first secondaries of the 


midrib. Outer secondaries arising from the inner primaries 
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154: 
form successive angular loops with each other. Minor 
venation, where preserved, shows polygonal vein islets with 
intruding branched veinlets. 

The over-all shape and venation gives the appearance of 
Vitts but the looping of secondaries excludes it from that 
genus. 

(Figured specimen bearing the number S 320 was collected 
from Genesee, Alberta and deposited in the paleobotanical 


collection, University of Alberta.) 


(PL. 38 7} figs 2e2) 

This is the only specimen of its kind in the collection. 
It is 80 mm long and 40 mm wide, elliptic, coarsely dentate. 
Major venation is pinnate, with about 10 pairs of second- 
aries, semi-craspedodromous. Minor venation is poorly 
preserved. 

(Figured specimen bearing the number S 891 (B), was 
collected from Genesee, Alberta and deposited in the paleo- 


botanical collection, University of Alberta.) 


(Pl; 38, £1g39243) 

This specimen is 48 mm long and 45 mm wide. Minor 
venation is poorly preserved. Major venation pattern and the 
coarse, gland-tipped, dentate, margin indicate affinity with 
the Vitaceae, not unlike that of Ampelopsis. It is quite 
possible that the specimen might represent an immature 
variant of Ampelopsts acertfolia (Newberry) Brown, described 


elsewhere in this thesis. However, the dentition of this 


bee ie Pont Bebra ey): i- 
we ton8imM , x90 slose, isiw egook seiupns) ovia 

dd iw paolat niov) vtanopetog ewors.. s bertennaee-saeditiah 
eR NENE:. 


to SIMBISHIGE, ond, savin noksenov- bas eqade: He-xeve * 


Mt: , eae 


ae) 
prin & va 
oi pee - 


wi 


todd: moxt.2t asbetoxe soirsbaoose, Bo) pakgeod, ond: 
wh | sinh co 

peiselies aw Ose @ Pence eich paised nomboege box: 
Lsoiassodosiisg ent oat bot taogsb: ind sixedlA, waned 


tn soxediAa 0 wokeenielh cei 


(SAS .pik ea ia) 


Lesptaeb yisessoo ,obtad Lfe meals nui ob brs : pnok no 08 | 


“=bropse to anting Of juods isiw . Stsnnig ‘ae ee 
; ~ i] > 10, 
wished eb Avisanee yoni | suomosbobeqes7>-\moe «30H 
} oF eke = rey . =F i: miets ‘ 588 As 
Ne uly — a ef) g 


| pun ; te 
asw 1 (@) fee & pedmon add paiised nemiooge pexvel®) 4 


~osisd ont mi pos.beodeb bas stxedia’goozene): mox® : 
(oatmedia 30. vitereven oksoat fon issbnsae 


here a vp ) Lad ink 
Meena: Jha, me (ens wee BE a) . ee 
‘soni -obiw mm 2 bes pol ‘am ‘ee ot nates 
; ‘2 — 2M 


add bas erod3sq noLinaoy zotem -bovrosera vizoog af A6. 


on) " 


ftiw winitae sdpotbal sipiam Shave .beastt-Bnale « 
' » rit pep). ait ” ae es 4 
| aakup ak cod Rabe ath 20 Sa ise : pores 

f Bt 7 7 ' 


oxtemni ns “noe 
bedixoseb samen (erase 


aids $0 noid Limab 


= ‘ De Ue 
a = i ‘ - =) a 
: . 


iene 


LS oh 


Plate 38. 


Figs. 240-243. Incertae sedis. 


Fig. 240. (Slows x 128 
Fig. 241. (Sae20— x 14 

Fig. 242. (S7 eon (B)) Xe las 
Fig. 243. (Seld60) %22. 


(Collected from Genesee, Alberta). 
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specimen and that of Ampelopsis is different. Hence it is 
not possible to treat them as congeneric with certainty. 

(Figured specimen bearing the number S 1060 was 
collected from Genesee, Alberta and deposited in the paleo- 


botanical collection, University of Alberta.) 
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CHAPTER® 5 
AGE OF THE FLORA 


Several different approaches have been attempted in 
order to determine the age of the rocks containing the ttlora. 
For example samples of bentonitic clay were collected from 
the Genesee fossiliferous beds (text-fig. 2) but were found 
to be of no value for radiometric dating. Coal samples, 
collected from the various coal seams (text-fig. 2) were 
found to be poor in microfossils, which otherwise might have 
been useful for age determination. The stratigraphical 
position of the beds in relation to other outcrops of known 
age along the Red Deer River valley could not be determined 
precisely. Rutherford (1928) included the Genesee area in 
the Edmonton Formation. 

The Edmonton Formation, assigned to an Upper Cretaceous 
age, is underlain by the marine Bearpaw Formation and over- 
lain by the nonmarine Paskapoo Formation of Paleocene age 
(Bell, 1949). In general, the Edmonton is characterized by 
the presence of beds of bentonitic clay, carbonaceous shales, 
soft whitish sandstones and coal seams and the Paskapoo by 
the presence of massive, hard, light grey or yellowish brown 
weathered sandstone (Bell, 1949). The Edmonton beds are 
considered to be of Upper Cretaceous age by the presence of 
a known dinosaur fauna. There is also a difference of 
opinion with respect to the contact between Edmonton and 


Paskapoo Formations, i.ée., whether they are conformable 
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representing a transitional Cretaceous-Tertiary boundary, or 
uncomformable (Bell, 1949; Irish, 1970). 

The Edmonton Formation was subdivided variously by 
different investigators and an excellent summary is given by 
Irish (1970). He also made a stratigraphical revision of the 
Edmonton Formation raising it to a Group status. The 
Edmonton Group now comprises three Formations, the basal 
Horseshoe, the middle Whitemud and the upper Battle. The 
Paskapoo Formation was redefined (Irish, 1970) to include 
part of the Edmonton Formation in its original sense. Thus 
the Paskapoo Formation according to Irish (1970) now consists 
of strata of both Upper Cretaceous as well as Tertiary ages. 
The Upper Cretaceous strata are designated as the Scollard 
Member with the uppermost coal seam of the Ardley coal zone 
as its upper limit. A correlative of the Ardley coal seam 
known as the Coal Arch is exposed downstream about a mile 
from the Genesee fossil locality. The stratigraphic position 
of the sampled section illustrated in text-figure 2 with 
respect to the Coal Arch was indicated by Dr. R.S. Taylor 
(Spence Taylor and Associates Ltd., Edmonton). In his 
report he says, "If the sampled section was 30'+ above 
river level.....then the base of this section must lie at 
least 25' - and more probably 50' - above the top of the coal 
in the Coal Arch". In addition, on the basis of drill-hole 
logs he says, "I have no less than 130' of typical Edmonton 
Formation rocks above the Coal Arch zone in this general 


area. This is with no sign of disturbance in these rocks. 
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L593). 
Thus, it appears reasonable to say that the base of your 
sampled section is no less than 80' below the top of the 
(lithologic) Edmonton Formation. It may well be significant- 
ly farther below the top of the Formation than this". 

The foregoing information indicates that lithologically 
the fossiliferous beds at Genesee are of Upper Cretaceous 
age (Bell, 1949). It should, however, be noted that no 
dinosaur remains were found at the Genesee locality. 

Age consideration based on the flora: Brayton (1953) in 
discussing the Lance age of the fossil flora of Genesee said 
that "Most of the identificable species from Genesee flora 
have been reported from the Upper Cretaceous of North 
America" (p. 18); that, "the Pembina floral suite carries 
almost identical elements with those found in the Genesee 
floral suite. This would appear indicative that the Genesee 
floral suite was of latest Upper Cretaceous age" (Brayton, 
HO:53>i¢p2, 2:9) )charkThe: Pembina floral suite referred. to is: a 
list of species reported by Rutherford (1928, p. 23) which 
were originally determined by E.W. Berry. None of these 
species was made conspecific with the Genesee species in 
Brayton's description of the Genesee flora, except for 
Populus aretica Heer, which he synonymized with "Trochoden- 
droides arctica Heer" (Brayton, 1953, p. 30); nor did he 
discuss in what ways he considered the "Pembina suite 


almost identical" (1953, p. 19) with the Genesee species. 


In the present study of the Genesee fossil flora 18 


elements have been identified of which 13 were identified to 
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the specific level. These are: 

Woodwardta aretiea (Heer) Brown 

Azolla schopftit Dijkstra 

Glyptostrobus. nordenskioldt (Heer) Brown 

Metasequota ocetdentalis (Newberry) Chaney 

Taxodtum dubtum (Sternberg) Heer 

Foktenta catenulata (Bell) Brown 

Sptrodela seutata Dawson 

Ceretdtphyllum genesevtanum sp. nov. 

Cuafltexuosum (Holiick) unui combs 

C. cuneatum (Newberry) n. comb. 

Platanus raynoldstt Newberry 

Tapitseta serrata (Newberry) n. comb. 

Ampelopsts acertfolta (Newberry) Brown. 
Species from other formations which resemble the species 
listed above, were indicated and discussed under each 
species in chapter 4. 

A comparison of the list of species with the type Lance 
flora (Dorf, 1942) shows that none of the species listed by 
Dorf as the "best indices of Lancian age" (p. 122) are 
present in the Genesee suite. 

The information, in the discussion to follow on 
correlation, was gathered mostly from published descriptions 
and illustrations. Some of the original types were examined. 
Regarding published illustrations, as far as practicable, 


only photographs were consulted. For purposes of correlation 


species reported by Lesquereux (1878) in his "Tertiary Flora" 
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and Ward's (1887) "Types of the Laramie flora" were ignored. 
This is because of the doubts raised by Brown (1962, p. 4) 
with respect to the exact Stratigraphical position of the 
Species. In addition, species reported from formations 
whose precise stratigraphical positions are uncertain are 
also ignored for correlation. 

Principles and assumptions relating to correlation and 
the difficulties experienced by investigators in delimiting 
taxa have become largely axiomatic and are excellently 
treated by Dorf (1942) and MacGinitie (1969). They are, 
therefore, not elaborated here. 

Of the species identified in the Genesee fossil flora: 
Metasequota occtdentalts (Newberry) Chaney, is too 
long-ranging (from Upper Cretaceous through Tertiary) to be 

mserul for “correlation. 

Cerctdiphyllum cuneatum (Newberry) n. comb. ranges from 
Upper Cretaceous (Berry, 1922) through late Eocene (Berry, 
T3926): 

Cercetdiphyllum genesevianum sp. nov. ranges from Upper 
Cretaceous (Lance) through lower Eocene if it is assumed 
that some of its variants are equivalent to C. elliptteum 
(Lance) and C. elongatum (Becker, 1960, Mormon Creek flora). 

Cercidiphyllum flexuosum (Hollick) n. comb. ranges from 
Upper Cretaceous (Hollick, 1930) to Paleocene. 

Ampelopsis acerifolta (Newberry) Brown, ranges from 


Upper Cretaceous (Bell, 1949) to Paleocene. 


Taxodtum dubtum (Sternberg) Heer, ranges from Upper 
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The rest of the species with the exception of Glypto- 


strobus nordenskioldi (Heer) Brown are restricted elsewhere 


to beds of Paleocene age, viz., Raton, Fort Union, Denver of 


United States; Willow Creek (upper part), Paskapoo, post- 


Brazeau Paleocene, Paleocene (Mackenzie River Valley) and 


Alaska (Paleocene). Glyptostrobus nordenskioldt ranges from 


Paleocene to Eocene, 
To summarize: 


Long-ranging; 


Metasequota occidentalis (Newberry) Chaney 


Upper Cretaceous to 
Ceretdtphyllum 
Upper Cretaceous to 
Cerctdtphyllum 
Upper Cretaceous to 


Cerctdtphyllum 


late Eocene; 

cuneatum (Newberry) n. comb. 
lower Eocene; 

genesevtanum sp. nov. 


Paleocene; 


flexuosum (Hollick) n. comb. 


Ampelopsts acertfolta (Newberry) Brown. 


Taxodtum dubtum (Sternberg) Heer 


Paleocene; 


Woodwardia arettea (Heer) Brown 


Azolla schopftt Dijkstra 


Pokienta catenulata (Bell) Brown 


Spirodela seutata Dawson 


Platanus raynoldstt Newberry 


Tapiscia serrata (Newberry) n. comb. 


Paleocene to Eocene; 
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roo. 
Glyptostrobus nordenskioldt (Heer) Brown 
From the above analysis the Genesee flora is determined 
to be Paleocene in age. This conclusion based on the flora 
indicates that at least that portion of the Scollard Member 
of the Paskapoo Formation (Irish, 1970) including the 
Genesee fossil leaf beds is a part of the Paleocene and not 
the Upper Cretaceous as proposed by Irish (1970). Thus the 
Cretaceous-Tertiary boundary based on the evidence presented 


is somewhere below the Genesee fossil leaf beds. 
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CHAPTER 6. 
FLORISTIC AND VEGETATIONAL ANALYSIS 


Climatic consideration: Paleoclimates as inferred from 
plant megafossils are based on the assumption that the 
present is the key to the past. Such inferences are drawn in 
two different ways. First from the composition of the flora 
itself, i.e., from the species which comprise the assemblage 
and second, from study of the structural features of the 
plant remains. Results obtained from one method are used to 
corroborate the inferences drawn by the other method. 
Conclusions drawn from the assemblage of species are general- 
ly unreliable because they depend upon the accuracy of 
identification of those species. On the other hand, 
inferences obtained from the structural features of the 
leaves are independent of plant identification considerations 
and consequently are more reliable. In any event, one must 
exercise caution in utilizing these methods due to inherent 
limitations which govern a fossil assemblage. For example, 
the probability of an over representation of stream-side 
plants and lianas in a fossil assemblage is higher than for 
plants which grow even a few thousand feet away from a 
stream or lake (MacGinitie, 1969). It is also safe to 

assume that the majority of leaves which reach depositional 
sites belong to woody plants rather than herbs. In fact, 


leaves of herbaceous plants usually dry on the plants and 


never enter a depositional site. These comments are meant 
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to point out that foliar remains as indicators of climate 
give only a partial picture. 

Floristic analysis: The interpretation of past climates 
based upon a comparison of a fossil flora with a modern one 
presupposes that the fossil flora thrived under similar 
climatic requirements as the modern one. The Genesee fossil 
flora comprising 18 elements, of which 13 were identified to 
the specific level, is a major Metasequota - Ceretdiphyllum 
association (nearly 80%) and is not a very good model for 
climatic interpretations, because of the small number of 
species. At best only broad inferences are possible. 

The extant correlatives of some of the Genesee fossil 
species are as follows: Fossil species are on the left. 
Glyptostrobus nordensktoldt (Heer) Brown = G. penstlts (Koch) 
Metasequota oectdentalis (Newberry) Chaney = M. glyptostro- 

botdes Hu & Cheng. 
Taxodium dubtum (Sternberg) Heer = Taxoditum disttchum (L.) 


Richards 


Foktienta catenulata (Bell) Brown = Foktenta sp. 

Cercidiphyllum spp. = Ceretdtphyllum spp. 

Platanus raynoldsit Newberry = P. cuneata Willd. (=ortental- 

ts) 

Tapiseta serrata (Newberry) n. comb. = f. sinensts Oliv. 

Ampelopsis acerifolta (Newberry) Brown = Parthenoctssus 
(Ampelopsts) 
trtcusptdata (Sieb. 


& Zucc.) Planchon 
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With the exception of Taxodium, these are Asiatic 
species restricted mostly to China and Japan. In fact, 
Metasequota glyptostroboides, Cerctdtphyllum japontcum 
sintecum (=var. sinense) Rehd. and Wils. and Taptscita stnensts 
coneolor Cheng were reported living as ecological associates 
in Shu-hsa valley in the Hupeh province of eastern China 
(Chu and Cooper, 1950). Shui-hsa valley is located at 
approximately latitude 30° N and longitude 108° E, surround- 
ed by mountains. The valley floor is humid with a constant 
temperature level. The altitude varies from 2000 to 4000 
feet. The climate is warm temperate with a winter deficient 
and summer maximum precipitation and almost frostless 
winters. An analogous climatic situation probably existed 
at the Genesee locality with the only difference being that 
the species were living at a much lower altitude. That the 
climate was warm is also borne out by the presence of 
Azolla, which is essentially a tropical to warm temperate 
species. 
Vegetational analysis: Analysis of structural features of 
fossil angiosperm leaves such as size, venation, texture, 
leaf tip and margin as related to environment have yielded 
Significant results (Chaney and Sanborn, 1933; MacGinitie, 
1941; Dorf, 1942; Dorf, 1969; Wolfe, 1969). The method 
is independent of the systematic relationships of the 
species and therefore the likelihood of error in interpret-— 
ation, compared to floristic analysis, is minimized. The 


criteria for analysis have been developed from a study of 
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MGW... 
modern floras. Thus, for example, a coriaceous leaf texture 
is indicative of tropical environment, while a thin texture 
is associated with a temperate environment. Leaves of 
tropical rainforests are generally provided with an elongated 
drip tip. By far, the best indicator of environment appears 
to be the leaf margin, viz., entire versus non-entire. 
Bailey and Sinnott (1916) have convincingly demonstrated a 
correlation between leaf margins and various climatic zones 
in the world. The details are not elaborated here, but 
suffice it to say that predominantly woody plants of 
tropical low lands possess an entire margin, while the 
predominantly woody plants in temperate regions possess a 
non-entire margin. As applied to fossil floras this is a 
quick and ready index to the prevailing climate. This 
criterion, when applied to the Genesee fossils, reveals 
that all the species of angiosperms with the exception of 
some entire-margined variants of Ceretdtphyllum cuneatum 
(Newberry) n. comb. are non-entire margined indicating a 
warm temperate climate. But, strangely enough, nearly 40% 
of the leaves are of the "megaphyllous" class, i.e., more 
than 10 cm in length and over 2700 sq mm in area which is 
"indicative of lowland, tropical forests in regions of 
adequate rainfall throughout the year...." (DORE 7 01 969 los 
This apparent contradiction in the interpretation of 
climate, reflected by leaf margin versus leaf size, may be 
explained in terms of moderate: to heavy precipitation. 


Such a precipitation distributed throughout the year, 
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168. 
coupled with a warmer climate, almost sub-—tropicalyemight 
have been one of the guiding factors resulting in larger 
leaves. It is fully realized that production of large 
leaves is a result of a number of interacting environmental 
factors one such being optimum precipitation. 

It is also interesting to note that a number of 
variants of Cercidiphyllum genesevianum sp. nov. in the 
Genesee flora show elongated tapering leaf tips (pl. 13, 
Pager 2i7S95)epl 4 4hetigs 96; pl. US7 Lug. 123) probably 
drip tips (Dorf, 1969). Emphasizing this probability is 
necessary because a drip tip associated with a non-entire 
margin is also contradictory, since drip tip is known to be 
an adaptation usually associated with entire-margined 
leaves of species characteristic of tropical rainforests. 

In addition to the structural features discussed above, 
which have been recognized to reflect the prevailing 
chimatest Wolfe’ (1969, p. 36) states that the concentration 
of venation is yet another useful index. He points out that, 
"Tropical leaves have a pronounced tendency for the lamina 
to be supplied with many veins and this results in very 
small areoles; highly branching freely ending veinlets are 
less common than in temperate plants. .... As yet no quanti- 
fication of this relationship has been made, involving as 
it does the clearing of leaves of all or most woody 
dicotyledonous species of floras in differeent climatic 
The relationship is, however, useful in determin- 


regimes. 


ing the 'tropicality' or 'temperateness' of a given extinct 
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169. 
species or genus relative to extant related species and 
genera", 

Although it is premature to assess fully the interest- 
ing observation of Wolfe (1969) it appears to have some 
bearing with respect to the Genesee fossil species of 
Cercetdtphyllum. Thus, C. genesevtanum sp. nov. and 
C. cuneatum (Newberry) n. comb., exhibit large vein islets 
with mean vein islet numbers of 1.8 and 1.9 respectively. 
They also show low mean veinlet termination numbers, i.e., 
6 and 5 respectively indicating fewer freely branching 
veinlets per unit area, compared to modern C. japontcum 
with a mean veinlet termination number of 14. This 
apparent contradiction, i.e., larger vein islets and fewer 
veinlets, may be explained if we assume that the large 
vein islets coupled with fewer freely ending veinlets 
indicate climatic conditions which are warmer than warm 
temperate. The high degree of preservation of venation 
precludes the possibility that the low veinlet termination 
numbers might be due to poor preservation. As far as 
C. flexuosum (Hollick) n. comb. is concerned, a wide range 
of variation is seen, both in vein islet numbers as well as 
veinlet termination numbers (Table 17), which could not be 
interpreted in terms of climate. 

Taking all factors into consideration, the Genesee 
assemblage indicates, a warm, humid temperate climate, with 
a winter 'dry' and summer 'wet' condition, comparable to a 


situation in the Shui-hsa valley in Hupeh, China. It may be 
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70% 
noted here, that ferns and a moss plant in the fossil 
assemblage also indicate a humid climate. 

In the absence of critical data on the lateral extent 
of the fossiliferous beds, nature of the facies, etc., it is 
hazardous to speculate on the environmental setting at the 
time of deposition. A look at text-figure 2 indicates that 
the deciduous angiosperm remains along with Metasequota 
and other gymnosperm remains occur as a narrow band near the 
Dase Of thie section, giving way to Azolza Slightly higher 
up. It has been pointed out in chapter 2 that the successive 
appearance of angiosperm remains and Azolla is gradational 
without any break. The only difference between these two 
‘zones! appears to be a change in the composition of 
sediments. The deciduous angiosperm remains occur in grey- 
ish compact shale, while the azollas occur in buff to grey 
shale with an irregular fracture. From this the original 
setting may be interpreted as follows: 

The plants were growing around a very quiet body of 
water with poor drainage fed by streams in which the water 
flow was very slow, as borne out by the fine-grained 
sediments. The leaf compressions preserved flat in fine- 
grained shale with excellent preservation indicate very 
little transport. The presence of Glyptostrobus and 
Taxodtum point to a swampy, Stagnant situation. Ceretdi- 
phyllum and Metasequota along with the vitaceous members 


(lianas) represent stream-side vegetation not very far from 
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the site. In this context, MacGinitie records that Cerectdt- 
phyllum “is a common stream-side type and thrives in moist, 
rich soils" (1941, p. 38); Chu and Cooper record that 
Metasequota thrives "along the banks of streams, among rocks 
and boulders covered thickly by liverworts and mosses....." 
(1950, p. 270). At some point of time, the stream appears 
to have been blocked and Azgolla and Spircdela seem to have 
been introduced along with a change in regimen of the 
sediments. This may partially explain why the deciduous 
angiosperms never re-appeared immediately after the azollas 
were deposited. The remarkable preservation of reproductive 
structures tn sttu on azolla plants, seems to indicate that 
they have not undergone transport but formed part of the 
floating vegetation in the basin. Another view which could 
explain the disappearance of dry ground angiosperms and 
Metasequota by the time Azolla was introduced is that 
inundation of the area took place. A large scale inundation 
would eliminate Cerctdtphyllum and Metasequota which have 
not been shown to develop penumatophores for survival in 
a stagnant habitat. Both views are tenable and at the 
same time speculative in the absence of a clear idea about 
the rates of sedimentation which might reflect the time 


involved and account for the 'succession' of species in the 


fossil beds. 
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GLOSSARY 


The terms and their explanations have been drawn from 
various sources (Kerner and Oliver, 1902; Levin, 1929; Hall 
and Melville, 1951; Lawrence, 1968; Hickey, 197-). Some 
terms have been modified from their sources and a few others 


are new. 


Acicular: Needle-shaped. 

Nemopetiolar: At the junction: of midrib and petiole. 

Acuminate: Acute apex with somewhat concave sides tapering 
to a protracted point. 

Acute: Sharp apex ending in a point, the sides of apex 
straight or convex. 

Arcuate: Curved or bowed. 

ee taate: Elongate apex tapering gradually. 

Basal: Arising from a single point at the base. 

Camptodromous: Primary or secondary veins not reaching 
Marginsoft leaf. 

Chartaceous: Of papery texture. 

Coriaceous: Of thick texture. 

Craspedodromous: Primary or secondary veins terminating at 
the margin of leaf. 

Craspedo-camptodromous : Secondary vein proceeding towards 
margin of leaf, curving upwards to join the super- 
adjacent secondary forming a loop. 


Cuneate: Wedge-shaped with straight sides. 
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Decurrent: Leaf base extending down to a very short distance 
along the petiole. 

Dentate: Sharp, coarse teeth perpendicular to the margin of 
leaf. 

Divergent: Primary veins proceeding away from the midrib. 

Elliptic: Oval shape with rounded narrow ends and widest at 
or about the middle. 

Emergent: Glands projecting out from the margin of leaf. 

Finely crenate: Crenate teeth with very narrow angular 
sinuses. 

Glandular-entire: Entire margin with glands on the margin 
ote leaf. 

Mucro: A short and sharp abrupt spur or spiny tip. 

Non-emergent: Glands not projecting out from the margin of 
Lear: 

Obarcuate: Tertiary veins connecting secondaries, curving 
abaxially from midrib. 

Outer Secondary vein: Secondary vein arising from a primary 
abaxially. 

Ovate: Oval shape with widest portion below the middle. 

Peltate: Attachment of petiole inside the margin of leaf. 

Primary vein: Vein flanking midrib having a point of origin 
in common with the midrib. 

Retuse: Obtuse apex notched slightly. 


Rounded obtuse: Blunt rounded leaf base with an angle less 


than 180°. 


Semi-craspedodromous: Secondary vein branching at the margin 
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VSO". 
of the leaf, one of the branches terminating at the 
margin and the other joining the superadjacent secondary. 

Sinus: Space or recess between two successive teeth. 

Strong secondary vein: First distal secondary from the 
midrib thicker than the subjacent weaker secondaries. 

Suprabasal: Point of origin of primary veins 2 or 3 mm above 
the, point,of }origin of midrib: 

Bruncate : + lLeafisbase,, 180° z 

Undulate-glandular: Glandular, toothed margin, teeth with 
very wide shallow sinuses; glands apical on teeth. 

Vein islet: Ultimate unit of the reticulate vein meshwork 
of leaf enclosing freely-ending veinlet or veinlets; 
of variable shape and area. 

Veinlet termination: Unbranched or branched ultimate veinlet 
ending freely inside a vein islet. 

Weak secondary vein: Secondary vein arising from the midrib 
subjacent to the strong secondaries. 

Zig zag: Veins making abrupt, sharp, alternate right and 


left turns in their course. 
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APPENDIX 


Width is measured at the widest part of the lamina. 
Length and width are recorded in millimeters; area in 
square millimeters. 

Area is an approximate calculation obtained by the 
formula length x width x 2/3 (Dorf. 1969).. 

P.A. - Primary angle; the angle between the inner 
primaries flanking the midrib. 

W.S. - Weak secondary angle; the adaxial angle between 
the weak secondaries and the midrib measured on either 
side of the midrib at the widest portion of the lamina; 
the angle represents the mean of 3 or 4 measurements. 
S.S. - Strong secondary angle; the adaxial angle 
between the first strong distal secondaries arising 
from the midrib and the midrib; the angle is a mean of 
the first two successive strong secondaries on either 
side of the midrib. 

O.S. - Outer secondary angle; the adaxial angle between 
the successive, proximal outer secondaries arising from 
the inner primaries and the inner primaries on either 
side of the midrib; the angle represents a mean of 3 or 
4 measurements. 

L/W - the ratio between length and width. 

V1. #. - Vein islet number; mumber of vein’ islets per 
square millimeter measured at random between midrib and 


the margin at the widest portion of the lamina; the 
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figure represents a mean of 16 measurements in living 
material; variable in fossils depending on preservation. 
V.T. #. - Veinlet termination number; number of freely 
ending veinlet terminations per square millimeter; 
measurement same aS in V.I. #. 

(Dist.) - Distorted leaf. 

(Lo) - Lower surface of specimen. 

(P) - Peel. 


Sp.# - Specimen number. 
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TABLE 1. Cercidiphyllum japonicum Sieb. and Zucc. 


(Short shoot). 
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1032 37 43 180 80 73 70 50 
1056 37 44 180 80 67 70 55 
1066 41 39 180 70 65 60 55 
1148 43 41 180 90 62 57 57 
1288 46 42 180 50 60 55 50 
1320 44 44 180 65 70 60 55 
1380 46 45 180 60 60 60 50 
1408 44 47 180 80 75 70 50 
1472 47 46 180 60 65 55 50 
1530 51 45 180 60 60 65 50 
1664 48 52 180 70 65 60 50 
1680 46 56 180 80 65 75 60 
1800 54 50 180 60 75 60 50 
1976 56 52 180 60 57 70 50 
2120 59 53 180 55 65 67 50 
2242 58 59 180 55 65 57 50 
2552 58 66 180 70 65 60 50 
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1908 54 53 180 60 65 55 50 
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572 26 33. ~=—«:180 85 65 55 50 
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V.1.# - vein islet number 


The obtained "t" value of 1.5 indicates that the difference 
between the vein islet numbers of the two samples is not 


Sagnificant at, 5t<level. 
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TABLE 23. Cocecutlus tritobus (Thunb.) D.C. 


Data from cleared leaves. Leaves removed from herbarium 


material of Arnold Arboretum. 


Slide # i W Area V.I.¢ V.T.4 
P37 a9 16 234 4 3 
113 29 29 580 4 6 
83 37 30 740 4.5 3 

88 39 35 910 4.5 2.5 
85 59 44 1760 5 6 
115 65 49 2156 2 4 
86 63 55 2310 we 5 
114 66 60 2640 cA, 4 


Mean: 3 10 fs a4 


$5 


ff 


2D.G (, chtigeetr) 


“2 
ied 


atl ectradet: mont Dsvomex asvesil snowsol beusaiy mot 


andodind agtagoed aes seat 


4 


hie 


aL oe. te 
es a 
ve | ee he 


Se 
pee Ea | 
oe 3a 
a 
1 ee 7-2 
al me Ah 
> ye" eas 
a a ane 


%o 


FREQUENCY 


70 


60 


224 


C. JAPONICUM 
meen =C. MAGNIFICUM 
C. GENESEVIANUM 


oma LOUELEXUOSUM 
—-s—= C. CUNEATUM 


ANGLE (Degrees) 


GRAPH 1 PRIMARY ANGLE 


Poe rn ve wala 


‘ Ray & ( ns Ly Sk Meisy > Sekt OL Te Tee: ; ry 
; } i mae lt wane ee | i 
oy i ‘ | ‘ J ‘ / i l y "Y y mew L ee) si in ; eho } | 
Bes | ee he 
| | Phe . i } ite ean 
' yy Ke i yy it ny co woe i i As G4 1s : 
4 a : nin! Hi i on ‘ ri 


re 2 y i 
phe: 


MUDIMOFAL .D 


MUDFIUOAM geen Ne Ws, 
MUMAIVS@aM3o ad i 
MUTAaMU? peeuiiin | f 7 ei 


 {eeerped) BJOMA 


: | ij 
ie ot 1, 2 A ‘ i “ae 


°/o 


FREQUENCY 


225 


70 
——aen CL JAPONICUM 


————= C. MAGNIFICUM 
“=== C. GENESEVIANUM 
——-== C FLEXUOSUM 
eC. CUNEATUM 


60 


40 50 60 \ 976 80 90 
ANGLE (Degrees) 


GRAPH 2 WEAK SECONDARY ANGLE 


MUIIMOVAL JD o—— 
MUDFIMOAM De 
MUWAINE2I 30 (D> 
MY2OU X39" 
MUTASUUD7S 


“lo 


FREQUENCY 


226 


70 


‘ ——— C. JAPONICUM 
ov | —— C. MAGNIFICUM 

| ——=—=— C. GENESEVIANUM 
—-—— C.FLEXUOSUM 


50 —-—— C CUNEATUM 
40 


30 


20 


40 50 60 70 80 
ANGLE (Degrees) 


GRAPH 3 STRONG SECONDARY 
ANGLE 


oss i. 
i" 
tte 
} rm mT) : 
As . | 
. A | 
; vn | 


MUDINOIAL Do 
MUDAIVOAM Do me 
MUUAIVS2IMIO D =~ 
MU2ZOUMRIF Doo 2 i 


<; 


_ (seer) 200A ne eet 
mone auoste ie HEAR ns 
a een “ROMA nn ie cu 


“lo 


FREQUENCY 


70 

—————= <C. JAPONICUM 
———= C€C. MAGNIFICUM 
samme C. GENESEVIANUM 
—awwrmm= C. FLEXUGSUM 
——srm—= C. CUNEATUM 


60 


40 50 600 ee 80 90 
ANGLE (Degrees) 


GRAPH 4. OUTER SECONDARY ANGLE 


227 


MUDMMOFAL D> em 
MUDUMOAM > —— | ae | 
MUMAIVE2IIO .D meme ae ae 
MUZOUKIII.D oe 
MUTAIMUD : 


oF Oe 6 (ON Oe me | oe 
_. Veesaped) OVA 


. 


3IOVA YAAG 


, > 


228 


OllVY M/1 S Hdvaod 


Ollva M/) 
wT oz 81 91 vil 41 01 80 
~~ : : 


~ OSS : 
Se ie ) / 


< a 
~ Se 
ee | 
~S : | 


WOiVvaN(D > ——<<—< \) 
WNSONX314 9 —-— 
WANVIAJSINID DO =-——— 


WNIISINOVW DD —— 
WNIINOdVf 3 —_—— 


02 


Of 


OV 


OS 


ADNINOIIS 


*/o 


ess 


| a= MUSIAOTAL 
/MUDFAIYOAM 2D —— 
~-MUMAIV3231090 Ie 


yy . MUZOUX3U3 2D re 
nee MUTASMUD 3 = 


i eae aa 


OTAa WJ 


OITAS Wi J 


2 HSARO 


ane 


Or 


ow 
7 

a 

a 

4 


. 
meer" 
fla JG 
yen 
Bs fe i ; ' 
/ i 
ee) Sree 


os met ‘ i Tes mn ; . 
be r 7 4 i) D oe : 
ai OY 4 ty it i, 


’ 


bs | H, 
" Bicone .. eta 


hs - pli La 
Pre sa ‘ 4 
“od A i 
‘ ia ’ 
t) 1 a 
e 2 
un 
A ue / 
h a” ff 
7" 
we : 7; 4 [ _ 
y ; © 
or 
ft li!” 
- é 
‘ £ 
Te Li 


ee SS Cw 


B B30038 


